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LIGHTED POWER TOOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 13/553,197, filed on Jul. 19, 2012, now
pending, which in turn claims the benefit of U.S. Provisional
Application Nos. 61/551,684, filed on Oct. 26, 2011; 61/511,
317, filed on Jul. 25, 2011; 61/559,338, filed on Nov. 14,
2011; and U.S. patent application Ser. No. 12/895,051, filed
on Sep. 30, 2010. The entire disclosures of each of the above
applications are incorporated herein by reference.

FIELD

The present disclosure relates generally to power tools, and
more particularly, to power tools having a light for illuminat-
ing a workpiece.

BACKGROUND

This section provides background information related to
the present disclosure which is not necessarily prior art.

Power tools are often used in a variety of conditions, from
well-lit indoor work spaces to outside construction sites or
other areas that are not always well-lit. Accordingly, it is
desirable to provide a method or apparatus that permits a
power tool to have a lighting feature that will illuminate the
workpiece that is being machined or worked on by the power
tool. Such a lighting feature will assist a user to be able to
adequately see the workpiece or work area that is being
worked on or machined by the power tool even in substandard
light conditions.

SUMMARY

This section provides a general summary of the disclosure,
and is not acomprehensive disclosure of its full scope orall of
its features.

A power tool according to the present teachings includes a
tool body having a motor including an output member that
drives an accessory, the output member defining an output
member axis. An end effector is coupled for rotation with the
output member relative to the tool body. The end effector is
configured to retain the accessory. A light source is disposed
on the end effector. A primary coil assembly is configured on
the tool body and mounted concentric to the output member
axis. The primary coil assembly includes a primary coil thatis
electrically connected to a power source of the power tool. A
secondary coil assembly is configured on the end effector and
mounted concentric to the output member axis. The second-
ary coil assembly includes a secondary coil that is electrically
connected to the light source. Current flowing through the
primary coil creates a magnetic field that causes current to
flow through the secondary winding and power the light
source.

According to additional features, the light source com-
prises at least one light emitting diode (LED). The end effec-
tor can include a chuck such as a keyless chuck. The primary
coil assembly can comprise a primary coil bobbin, wherein
the primary coil is wound around the primary coil bobbin. A
primary coil housing can receive the primary coil bobbin. The
secondary coil assembly can include a secondary coil bobbin,
wherein the secondary coil is wound around the secondary
coil bobbin. A secondary coil housing can receive the second-
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ary coil bobbin. In one example, the secondary coil housing
can be integrally formed with the chuck.

According to still other features, the LED is formed as part
of'alight ring assembly comprising a printed circuit board and
aplurality of LEDs arranged on the printed circuit board. The
printed circuit board electrically connects the secondary coil
to each of the plurality of LEDs. A protective cover can be
mounted around the light ring assembly and be configured to
protect the plurality of LEDs. The protective cover can be
transparent. In some examples, the end effector can comprise
a clamp washer assembly having an inner clamp washer and
an outer clamp washer. The primary coil may be incorporated
on the tool body and the secondary coil may be disposed on
one of the inner or outer clamp washers.

In other features, a modulation circuit is electrically con-
nected with the secondary coil and the LEDs. The modulation
circuit can be configured to flash at least one of'the LEDs and
control the intensity of the LEDs over time. The modulation
circuit can be configured to flash the LEDs at a rate to create
a stroboscopic effect on the driven accessory.

The power tool can further comprise an encoder or decoder
fixed to the tool body. The other of the encoder and decoder
can be fixed to the end effector. The encoder and decoder
cooperate to communicate a signal. The encoder can be
coupled to the end effector and the decoder can be coupled to
the tool body in one configuration that further includes a
controller that communicates with the motor and a sensor that
is fixed to the end effector. The sensor can communicate data
that is encoded by the encoder and transferred through the
respective secondary and primary coils to the decoder. The
decoder decodes the data and communicates the data to the
controller. In another example, the encoder is coupled to the
tool body and the decoder is coupled to the end effector. The
controller communicates with the motor and sends data that is
encoded by the encoder and transferred through the respec-
tive primary and secondary coils to the decoder. The decoder
decodes the data and communicates a signal to the light
source. The power source can include an on-board battery that
provides a direct current (DC). The power tool can further
comprise a DC to alternating current (AC) converter.

In another aspect of this application, a power tool com-
prises a die grinder having a motor housing, a tool holder, and
ahandgrip. The handgrip can be coupled to a front portion of
the motor housing. The motor housing can have a motor
coupled to an output shaft that extends through the handgrip
and the motor housing. A light unit can be incorporated on the
power tool. The light unit can include a ring-shaped printed
circuit board having at least one LED mounted thereon. The
printed circuit board can be received in a support ring that is
in turn received in an internal groove of the handgrip. A cover
assembly can include a cover ring having a corresponding
opening for a corresponding LED. The printed circuit board,
support ring, handgrip and cover ring may be connected to
one another by a snap-fit connection, threaded connectors, a
bayonet connection or by heat staking the components
together.

A power tool constructed in accordance to additional fea-
tures can include a tool body having a motor and an output
member. A rotary transformer can be connected to a power
source. A primary winding can be incorporated around a core.
A secondary winding can be wrapped around the core. An
LED can be electrically connected to the secondary winding.
A modulation circuit may be electrically connected with the
secondary winding and to the LED. The modulation circuit
can be configured to encourage the LED to flash on and off.
The modulation circuit can additionally or alternatively be
configured to control the intensity of the LED over time. In
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one example, the modulation circuit can modulate the LED at
exactly the rate of rotation of the chuck. In another example,
the modulation circuit can modulate at a frequency that is one
of higher or lower than the rate of rotation of the chuck to
make the rotating accessory appear that it is rotating slowly.

A power tool constructed in accordance to additional fea-
tures can include a tool body having a motor and an output
member. A rotary transformer may be configured to smooth
out a ripple in a luminous intensity of an LED. The rotary
transformer may be connected to a power source. A primary
winding can be incorporated around a core. A secondary
winding can be wrapped around the core. The LED can be
electrically connected to the secondary winding. A resistor
and a capacitor may be electrically connected with the sec-
ondary winding and to the LED. The resistor and the capacitor
can cooperate to reduce the amount of ripple to yield a lumi-
nous intensity.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples in this summary are intended for purposes of illus-
tration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative purposes
only of selected embodiments and not all possible implemen-
tations, and are not intended to limit the scope of the present
disclosure.

FIG. 1 is a side view of an exemplary power tool incorpo-
rating a lighting configuration according to one example of
the present teachings;

FIG. 2 is a perspective view of a portion of another power
tool constructed in accordance to other features of the present
teachings;

FIG. 3 is an exploded perspective view of the portion of the
power tool as shown in FIG. 2;

FIG. 4 is a longitudinal cross-sectional view of the portion
of the power tool of FIG. 2;

FIG. 5 is a perspective, partially sectioned view of a portion
of another power tool constructed in accordance to the teach-
ings of the present disclosure;

FIG. 6 is a perspective, partially sectioned view of a portion
of'the power tool of FIG. 5, illustrating an output spindle and
a field winding in more detail;

FIG. 7 is a perspective, partially sectioned view of a portion
of'the power tool of FIG. 5, illustrating a sun gear and a set of
magnets in more detail;

FIG. 8 is a perspective view of a portion of another power
tool constructed in accordance with the teachings of the
present disclosure;

FIG. 9 is a schematic illustration of another power tool
constructed in accordance with the teachings of the present
disclosure;

FIG. 10 is an enlarged portion of FIG. 9, illustrating a set of
magnets and field windings positioned within the chuck;

FIG. 11 is a schematic illustration of another manner of
mounting the set of magnets to the drive shatft;

FIG. 12 is a schematic illustration of another power tool
constructed in accordance with the teachings of the present
disclosure;

FIG. 13 is a schematic illustration of a lighting system
constructed in accordance to additional features of the present
teachings;

FIG. 14 is a side view of an exemplary lighting system
according to prior art;
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FIG. 15 is a side view of a lighting system constructed in
accordance to other features of the present teachings;

FIG. 16 is a side view of another exemplary lighting con-
figuration according to the present teachings;

FIG.17 is a side view of still another lighting configuration
constructed in accordance to the present teachings;

FIG. 18 illustrates a partial exploded view of a chuck
assembly including spring loaded brushes that cooperate with
a track configured on the chuck;

FIG. 19 is a plan view of the track of FIG. 18;

FIG. 20 is a side view of another exemplary lighting con-
figuration having a track constructed in accordance to other
features of the present teachings;

FIG. 21 is a side view of another exemplary lighting system
that incorporates a frequency generator and piezoelectric
receiver according to other features of the present disclosure;

FIG. 22 is a side view of another exemplary lighting con-
figuration that incorporates a capacitor and piezoelectric
module according to other features;

FIG. 23 is a side perspective view of an exemplary lighting
configuration constructed on a chuck according to other fea-
tures of the present disclosure;

FIG. 24 is an exploded perspective view of the power tool
and chuck shown in FIG. 23;

FIG. 25 is another exploded perspective view of the power
tool of FIG. 23 showing a primary coil subassembly exploded
from the tool body;

FIG. 26 is another exploded perspective view of the power
tool of FIG. 23 that illustrates additional features including a
primary coil subassembly and a secondary coil subassembly;

FIG. 27 is a sectional view of the chuck of the power tool
shown in FIG. 23 illustrating the secondary coil subassembly
attached to a rearward facing surface of the chuck body;

FIG. 28 is a partial sectional view of the chuck shown in
FIG. 27 and illustrating the secondary coil subassembly
exploded from the chuck body;

FIG. 29 is a front perspective exploded view of the chuck,
secondary coil subassembly, and light ring of FIG. 28;

FIG. 30 is a rear perspective exploded view that illustrates
the secondary coil housing as integrally formed with the
chuck body according to additional features;

FIG. 31 is a detail front perspective view of the light ring
shown mounted onto the chuck;

FIG. 32 is a front perspective view of the chuck of FIG. 31
that incorporates a protective cover according to additional
features;

FIG. 33 is a front perspective view of the chuck of FIG. 31
that incorporates another protective cover;

FIG. 34 is a front perspective view of the chuck of FIG. 31
that incorporates a protective cover constructed in accordance
to still other features;

FIG. 35 is a front perspective view of an exemplary chuck
that incorporates a single LED thereon;

FIG. 36 is a cross-sectional view of a lighting system
constructed in accordance to other features that includes a
clamp washer assembly;

FIG. 37 is a cross-sectional view of a lighting system
constructed in accordance to other features that includes a
clamp assembly including an outer clamp that incorporates
secondary windings according to other features;

FIG. 37A is a perspective view of a grinding tool incorpo-
rating a lighting system according to the present disclosure;

FIG. 38 is a cross-sectional view of another lighting system
that is incorporated on a clamp washer assembly;

FIG. 39 is a rear perspective view of an inner clamp washer
of the clamp washer assembly of FIG. 38;
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FIG. 40 is an exemplary schematic representation of a
rotary transformer constructed in accordance to one example
of the present teachings;

FIG. 41 is a schematic representation of a rotary trans-
former that includes exemplary values according to a numeri-
cal simulation of the present teachings;

FIG. 42 is an exemplary physical representation of a rotary
transformer constructed in accordance to one example of the
present teachings;

FIG. 43 is another exemplary physical representation of a
rotary transformer that incorporates a DC to AC conversion;

FIG. 44 is another physical representation of a rotary trans-
former constructed in accordance to the present teachings that
incorporates a pair of LEDs connected in parallel and oppo-
site directions;

FIG. 45 is another physical representation of a rotary trans-
former according to the present teachings that further incor-
porates a secondary circuit that includes a capacitor and resis-
tor according to one example;

FIG. 46 is a schematic representation of a rotary trans-
former according to the present teachings;

FIG. 47 is an exemplary plot of current versus time for the
rotary transformer shown in FIG. 46;

FIG. 48 is a schematic representation of another rotary
transformer constructed in accordance to the present teach-
ings;

FIG. 49 is a plot of current versus time for the rotary
transformer of FIG. 48;

FIG. 50 is a plot of luminous intensity versus time for the
rotary transformer shown in FIG. 48;

FIG. 51 is a physical representation of another rotary trans-
former constructed in accordance to the present teachings that
incorporates a resistor and capacitor;

FIG. 52 is a plot of luminous intensity versus time for the
rotary transformer of FIG. 51;

FIG. 53 is a physical representation of another rotary trans-
former constructed in accordance to the present teachings;

FIG. 54 is an exemplary plot of current versus time for the
rotary transformer illustrated in FIG. 53;

FIG. 55 is a plot of luminous intensity versus time for the
rotary transformer shown in FIG. 53;

FIG. 56 is another physical representation of a rotary trans-
former constructed in accordance to the present teachings that
incorporates a modulation circuit;

FIG. 57 is a schematic illustration of another rotary trans-
former constructed in accordance to the present teachings that
incorporates the present teachings;

FIG. 58 is a plot of current versus time for the rotary
transformer shown in FIG. 57,

FIG. 59 is a plot of luminosity versus time of the rotary
transformer of FIG. 57,

FIG. 60 is a schematic illustration of another exemplary
rotary transformer constructed in accordance to the present
teachings;

FIG. 61 illustrates various LED configurations that may be
incorporated for the lighting means shown in FIG. 60;

FIG. 62 is a partial schematic representation of another
exemplary rotary transformer according to the present teach-
ings;

FIG. 63 is a generalized representation of a lighting system
for a power tool according to the present teachings;

FIG. 64 is a schematic representation of an exemplary
power tool constructed in accordance to the present teach-
ings;

FIG. 65 is a schematic illustration of a power tool con-
structed in accordance to still other features of the present
teachings;
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FIG. 66 is an exemplary flyback circuit for use in an exem-
plary rotary transformer according to the present teachings;

FIG. 67 is an exemplary forward single switch circuit con-
structed in accordance to the present teachings;

FIG. 68 is an exemplary forward two switch circuit con-
structed in accordance to the present teachings;

FIG. 69 is an exemplary forward, active clamp circuit
constructed in accordance to the present teachings;

FIG. 70 is an exemplary forward, half-bridge circuit con-
structed in accordance to the present teachings;

FIG. 71 is an exemplary forward, push-pull circuit con-
structed in accordance to the present teachings;

FIG. 72 is an exemplary forward, full-bridge circuit con-
structed in accordance to the present teachings;

FIG. 73 is an exemplary phase shift zero voltage switching
circuit constructed in accordance to the present teachings;

FIG. 74 is a front exploded perspective view of an exem-
plary keyless chuck that incorporates a lighting system
according to the present teachings;

FIG. 75 is a cross-sectional view of an inner sleeve of the
keyless chuck shown in FIG. 74;

FIG. 76 is a front perspective view of a keyless chuck
subassembly constructed in accordance to other features of
the present teachings;

FIG. 77 is a cross-sectional view of the keyless chuck
subassembly of FIG. 76;

FIG. 78 is a partial exploded view of the keyless chuck of
FIG. 76 and illustrating an end cap assembly;

FIG. 79 is a front perspective view of the keyless chuck of
FIG. 76;

FIG. 80 is an exploded view of another exemplary chuck
that incorporates a lighting system according to the present
teachings;

FIG. 81 is a partial cross-sectional view ofthe chuck shown
in FIG. 80;

FIG. 82 is a front perspective view of an exemplary light
pipe incorporated on the chuck of FIG. 80;

FIG. 83-86 illustrate an exemplary operational sequence
that shows one LED illuminating through a given light pipe
for each of thirty degrees of rotation according to one imple-
mentation;

FIG. 87 is a schematic view of a power tool constructed in
accordance to another example of the present disclosure;

FIGS. 88-91 are various plots of illumination versus time
for various LED configurations according to the present dis-
closure;

FIG. 92 is a schematic illustration of another exemplary
rotary transformer constructed in accordance to the present
teachings;

FIG. 93 is a schematic illustration of another exemplary
rotary transformer constructed in accordance to the present
teachings;

FIG. 94 is a plot of voltage versus time according to one
example of the present disclosure;

FIGS. 95-98 are schematic illustrations showing various
configurations for disposing three LEDs symmetrically
around a chuck of an AC power tool according to various
examples of the present disclosure;

FIG. 99 is a perspective view of a tool system constructed
in accordance to additional features of the present disclosure,
the tool system having a tool and an inductive powering unit;

FIG. 100 is a perspective view of another tool system
constructed in accordance to the present disclosure and hav-
ing one or more tools associated with an inductive powering
unit;
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FIG. 101 is a perspective view of another tool system
constructed in accordance to the present disclosure and incor-
porating primary coils mounted on a back side of a peg board;

FIG. 102 is a perspective view of another tool system
constructed in accordance to the present disclosure and
including an inductive powering unit having a primary coil
and a secondary coil;

FIG. 103 is a cross-sectional view of the tool system of
FIG. 102;

FIG. 104 is a cross-sectional view of another tool system
constructed in accordance to another example and incorpo-
rating light pipes therein;

FIG. 105 is an exploded cross-sectional view of another
tool system that incorporates light pipes having a different
orientation;

FIG. 106 is a perspective view of another tool system
constructed in accordance to the present disclosure;

FIG. 107 is a cross-sectional view of the tool system of
FIG. 106;

FIG. 108 is an exploded perspective view of the tool system
of FIG. 106;

FIGS. 109 and 110 are schematic illustrations of a rotary
transformer configuration according to additional features;

FIG. 111 is a side view of a grinding tool with a light unit;

FIGS. 112 and 113 are close-up perspective views of the
light unit of FIG. 111;

FIG. 114 is a side view of a grinding tool with an alternate
light unit;

FIG. 115 is a circuit diagram of a control circuit for a light
unit;

FIG. 116 is a circuit diagram of another control circuit for
a light unit;

FIGS. 117 and 118 are circuit diagrams of another control
circuit for a light unit;

FIG. 119 is a diagram of the voltage signal input and output
in the circuit of FIG. 117,

FIG. 120 is a circuit diagram of another control circuit for
a light unit;

FIG. 121 is a schematic side view of the circuit of FIG. 120
implements in a grinding tool;

FIG. 122 is a diagram of another type of lighting unit;

FIG. 123 is a side view of a lighting system constructed in
accordance to other features of the present teachings;

FIG. 124 is a cross-sectional view along line 124-124 of
FIG. 123, where FIGS. 124A-124B show two different
embodiments, respectively;

FIG. 125 is a side view of an alternative hole saw; and

FIG. 126 is a perspective view illustrating a front portion of
apower tool in accordance with an embodiment of the inven-
tion.

Corresponding reference numerals indicate corresponding
parts throughout the several views of the drawings.

DETAILED DESCRIPTION

The present disclosure will now be described with refer-
ence to the drawings, in which like reference numerals refer to
like parts throughout. Various configurations will be
described in accordance to the present disclosure that provide
apower tool having a lighting arrangement that is configured
to shine light onto a workpiece being operated upon by the
power tool. The present disclosure will also describe various
configurations and methods for controlling and powering the
lighting arrangement. It will be appreciated that while the
various configurations may be disclosed herein in sequence,
that various aspects may be interchanged between other lay-
outs and configurations disclosed throughout.
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In some examples of the present disclosure, light emitting
elements, such as light emitting diodes (LEDs), are placed in
anannular or ring-shape around part of an end effector and are
configured to shine forward to illuminate the tool or accessory
held by the end effector and the workpiece being machined by
the tool. The end effector may be a tool or accessory holder
mounted to an output spindle of the tool. Examples of end
effectors that may be used in accordance with the present
disclosure may be 7000 Series chuck manufactured and mar-
keted by the Jacobs Chuck Manufacturing Company of Clem-
son, S.C. and quick change chucks and bit holders similar to
those which are found on products such as a DC825KA
Impact Driver and the driver that is disclosed in U.S. appli-
cation Ser. No. 12/394,426 (the disclosure of which is incor-
porated by reference as if fully set forth in detail herein) and
a DC815KA Impact Driver that are manufactured and mar-
keted by the DeWalt Industrial Tool Company of Baltimore,
Md. An end effector may also include a blade holder similar
to those found on DW3040 reciprocating saw.

It will be appreciated that different types of lighting ele-
ments can be used in accordance with the present disclosure,
such as light bulbs (for example, Xenon bulbs) or other light-
ing elements. LED lights are discussed here as an example
and do not limit embodiments in accordance with the present
disclosure to tools using LEDs. In some embodiments dis-
closed herein, the LED lights, or other lighting elements, and
associated parts can be locked to the housing of the tool and
do not rotate when the power tool is operated. In other
embodiments, the LED lights may be configured on the mov-
ing (rotating) part of the tool such as on a chuck. The lights
may be powered by the same power source that provides
power to the power tool’s motor. In the case of most cordless
power tools, it is a battery that powers the power tool and in
the case of corded tools, it is AC current provided from a
source voltage through an electrical line cord. This AC cur-
rent may be modified according to the needs of the lighting
device being employed as will be discussed in greater detail
herein. In the case of LED lights, a rectifier or other means
may be employed to convert AC current to DC.

With initial reference to FIG. 1, a power tool constructed in
accordance to one example of the present disclosure is shown
and generally identified at reference numeral 10. The power
tool 10 has a housing 12 that may be of a clam shell type or
any other suitable type housing. The power tool 10 can also
have a nose cone 14 located at a front portion of the powertool
10. A handle 16 projects downwardly from the housing 12 and
is terminated with a battery 18. The battery 18 provides the
power to turn an end effector 20. The end effector 20 may be
configured to hold an accessory or tool such as a drill bitora
driving type accessory including a Philips or standard screw-
driver. Other types of tools or accessories may be held and
used in the end effector 20 as can be appreciated by one
skilled in the art. The movement of the end effector 20 may be
controlled by a trigger 22. The trigger 22 may selectively
provide power from the battery 18 to a motor 26 located
within the housing 12. In some embodiments of the present
disclosure, the more the trigger 22 is depressed, the more
power may be applied to the motor 26, which may cause the
end effector 20 to rotate faster.

The power tool 10 may be equipped with a clutch collar 30.
Other embodiments in accordance with the present disclosure
may not have a rotating clutch collar, but rather a different
rotating collar mechanism. The rotating collar mechanism
may be a drill/hammer mode selector, a gear shifter, an on/off
switch, a tool variable speed control or other rotating collar
control mechanism. However, this specification will refer to a
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clutch collar as an example but does not limit embodiments in
accordance with the present disclosure to tools having clutch
collars.

The clutch collar 30 can provide protection for interior
portions of the power tool 10, particularly the transmission
and other internal components of the power tool 10 that may
be mounted on the nose cone 14. The clutch collar 30 may be
rotated to adjust the transmission. An example of a clutch and
transmission that may work in accordance with the present
disclosure is shown in U.S. Pat. No. 7,066,691, which is
incorporated by reference in its entirety. It will be appreciated
that most any type of clutch and transmission may be used in
accordance with the present disclosure. Different angular
positions of the clutch collar 30 may provide different
amounts of torque and/or speed to the end effector 20 for a
given position of the trigger 22. A numbered scale 32 may be
included on the clutch collar 30 in order to provide a user an
indication of the setting of the clutch collar 30. In some
embodiments, the user may turn the clutch collar 30 to a
desired position by hand. A light ring 34 can be located on a
front portion of the power tool 10 just behind the end effector
20 in a recess 36 in the clutch collar 30. The light ring 34 can
include one or a series of LEDs that illuminate to shine light
in a direction toward the end effector 20 and ultimately onto
aworkpiece. The configuration of the power tool 10 is merely
an introductory example for the purposes of identifying one
basic construction for incorporating [LEDs on a power tool 10.
As will become appreciated from the following discussion,
various configurations for arranging the LEDs will be dis-
cussed as well as various configurations, and methods for
controlling the LEDs will be described herein. Moreover,
various configurations and methods for communicating
power to the LEDs will be described herein.

With reference now to FIGS. 2-4, another drive constructed
in accordance to the present teachings is generally indicated
by reference numeral 50. The driver 50 can be a drill/driver of
the type that is disclosed in U.S. patent application Ser. No.
12/610,762 (the disclosure of which is incorporated as if fully
set forth in detail herein), except that a lighting system 52 is
incorporated into the driver 50. In the example provided, the
lighting system 52 includes a first portion 54, which can be
mounted to an output spindle assembly 56, and a second,
portion 60 that can be coupled for rotation with a drill chuck
62.

The first portion 54 can comprise a series of spring contacts
66 that can be electrically coupled to a source of electrical
power (e.g., to a battery pack via a trigger switch). The spring
contacts 66 can comprise a first spring contact 66a and a
second spring contact 665 that can be electrically isolated
from one another. The first spring contact 66a can be offset in
a radial direction by a first distance from a rotational axis 68
of'an output spindle 70. The second spring contact 665 can be
offset in a radial direction by a second distance that is difter-
ent from the first distance.

The second portion 60 can comprise a sleeve 74, a coupler
76, a bushing 78, a holder 80, a circuit assembly 82, a cover
84, and a retaining ring 86. The sleeve can be received about
the drill chuck 62 and can be configured to receive a rotary
input from an operator to open or close the jaws (not shown)
of'the drill chuck 62. It will be appreciated that the drill chuck
62 can be any type of drill chuck, such as a keyless chuck.

The coupler 76 can include an annular plate 90, first and
second conductor tracks 92 and 94, respectively, and a plug
100. The annular plate 90 can be formed of an electrically
insulating material, such as a durable relatively non-conduc-
tive plastic (i.e., a plastic that is electrically insulating when
an electrical potential that is less that 50 or 100 volts is applied
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to it). The annular plate 90 can be fixedly mounted on a
spindle 102 of the drill chuck 62. The spindle 102 of the drill
chuck 62 can be engaged to the output spindle 70 by any
desired means. In the particular example provided, the
spindle 102 of the drill chuck 62 can be threaded onto the
output spindle 70 via left-handed threads and a spindle retain-
ing fastener 104 may be fitted through the spindle 102 and
threadably engaged to the output spindle 70. Accordingly, it
will be appreciated that as the spindle 102 of the drill chuck 62
is coupled for rotation with the output spindle 70, the annular
plate 90 will also rotate with the output spindle 70 by virtue of
its connection to the spindle 102 of the drill chuck 62.

The first and second conductor tracks 92 and 94 can be
mounted to a first side of the annular plate 90 and can be
disposed concentrically such that they are electrically iso-
lated from one another. The first and second conductor tracks
92 and 94 can be configured to electrically engage the first and
second spring contacts 66a and 665, respectively. The plug
100 can be fixedly coupled to a second side of the annular
plate 90 and can comprise terminals (not specifically shown)
that can be electrically coupled to the first and second con-
ductor tracks 92 and 94.

In the particular example provided, the terminals extend
through the annular plate 90 so as to intersect respective
portions of the first and second conductor tracks 92 and 94
and solder is employed to electrically couple the terminals
and the first and second conductor tracks 92 and 94. The
bushing 78 can be received between the spindle 102 of the
drill chuck 62 and the sleeve 74 on a side of the drill chuck 62
opposite the annular plate 90. A slot or groove 108 can be
formed in the bushing 78. The holder 80 can be an annular
structure that can define an annular trench 110. The circuit
assembly 82 can include a circuit board 112, a plurality of
LEDs 114, and a wire harness 120. The circuit board 112 can
be formed of an insulating material and can include wires or
conductors (not specifically shown) that can electrically
couple the wire harness 120 and the LEDs 114. In the par-
ticular example provided, the circuit board 112 is a printed
circuit board that is formed in an annular shape that is con-
figured to be received in the correspondingly shaped trench
110 formed in the holder 80.

The LEDs 114 can be fixedly coupled to the circuit board
112 on a side opposite the holder 80. The wire harness 120 can
comprise a plurality of wires 122 including first and second
wires (not specifically shown) that can be coupled to the
conductors of the circuit board 112 and to the conductors (not
specifically shown) in the plug 100 to transmit electrical
power between the plug 100 and the LEDs 114. The wires 122
can be received in the radial space between the spindle 102 of
the drill chuck 62 and the sleeve 74 and can extend longitu-
dinally through the groove 108 of the bushing 78.

The circuit assembly 82 can be coupled to the holder 80 in
any desired manner, including adhesives, potting compounds,
clips, and fasteners. In the particular example provided, the
holder 80 comprises a plurality of retaining tabs 126 that can
extend through tab apertures (not specifically shown) in the
circuit assembly 82. The tabs 126 can be initially formed to
extend in an axial direction that is generally parallel to a
rotational axis 130 of the spindle 102 of the drill chuck 62,
which can facilitate the axial translation of the circuit board
112 into the trench 110, and can be deformed in whole or in
part to retain the circuit assembly 82 within the trench 110.
The tabs 126 can be deformed by twisting or bending, but in
the example provided, each of'the tabs 126 is heated and bent
over at a right angle so as to lie over a portion of the circuit
assembly 82 adjacent a corresponding one of the tab aper-
tures.
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The cover 84 can be an annular structure that can be fitted
to an axial end of the sleeve 74 opposite the coupler 76 and
can aid in axially fixing the holder 80 in place in the sleeve 74
against a front face of the bushing 78. The cover 84 can be
formed of a transparent material that can be clear or colored.
The transparent material can be formed such that light
received from the LEDs 114 will exit the cover 84 in a desired
manner. For example, the light exiting the cover 84 can be
spread or concentrated over a desired area to illuminate one or
more relatively large areas and/or one or more relatively small
points. The retaining ring 86 can be received in a ring groove
134 in the spindle 102 of the drill chuck 62 and can be
configured to limit forward motion of the cover 84 relative to
the sleeve 74 to thereby maintain the cover 84 on the spindle
102 of the drill chuck 62.

With reference now to FIGS. 5-7, another driver con-
structed in accordance to the present teachings is shown and
generally identified as reference numeral 150. The driver 150
can be a drill driver of a type that is disclosed in U.S. patent
application Ser. No. 12/610,762, except that a lighting system
is incorporated into the tool. In the example provided, the
lighting system 152 includes a generator 160, a conductive
connector 162, an energy storage device 164, and a circuit
assembly 170. The generator 160 can comprise one or more
field windings 172 and one or more sets of magnets 174. The
field windings 172 can be mounted on a generator shaft por-
tion 176 of the output spindle 180 of the driver 150. As will
become appreciated from the aforementioned *762 patent
application, the output spindle 180 can be coupled (e.g., via a
spindle lock) to an output member of an output stage 182 ofa
multi-stage planetary transmission 184.

The generator shaft portion 176 ofthe output spindle 180 in
the example shown can extend rearwardly of the output stage
182 to orient each field winding 172 with a component within
the transmission 184 or driven by the transmission 184 that is
configured to rotate at a speed that is higher than the rotational
speed at which the output spindle 180 is driven. In the
example shown, the generator shaft portion 176 extends rear-
wardly into a sun gear 190 that provides a rotary input to the
output stage 182 of the transmission 184.

Each set of magnets 174 can be mounted to a rotating
element of the transmission 184 (or an element rotated by the
transmission 184) and can be arranged concentrically about
an associated field winding 172. In the particular example
provided, the set of magnets 174 is fixedly coupled to the sun
gear 190 of the output stage 182 of the transmission 184. It
will be appreciated that during operation of the driver 150,
each set of magnets 174 will rotate at a speed that is higher
than the rotational speed of its associated field winding 172
and that as a result of the speed differential, an electric current
will be induced in the field windings 172. Explained differ-
ently, each set of magnets 174 and its associated field winding
172 comprise a generator that generates an electric current
when rotary power is input to the transmission 184 during
operation of the driver 150. The conductive connector 162 can
be configured to electrically couple the generator 160 to the
energy storage device 164 and/or to the circuit assembly 170.
In the example shown, the output spindle 180 has a hollow
longitudinally-extending cavity 194 into which the conduc-
tive connector 162 is received. The conductive connector 162
can comprise a pair of wires that can be received through the
cavity 194 such that the conductive connector 162 is mounted
coaxially within the output spindle 180.

The energy storage device 164 can be electrically coupled
to the generator 160 and the circuit assembly 170 in any
desired manner and can be any type of energy storage device,
including a rechargeable battery. In the particular example
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shown, the energy storage device 164 is a capacitor that is
mounted in a chuck 200 that is coupled to the output spindle
180 for rotation therewith. It will be appreciated, however,
that the energy storage device 164 could alternatively be
mounted within the output spindle 180.

The circuit assembly 170 can be electrically coupled to the
generator 160 and/or to the energy storage device 164 (e.g.,
via the conductive connector 162) and can be mounted within
the chuck 200. The circuit assembly 170 can comprise one or
more LEDs 202 that can be driven by the electrical energy
generated by the generator 160. While the generator 160 has
been illustrated and described as including one or more field
windings that are mounted on an output spindle of a tool, it
will be appreciated that the generator 160 could be con-
structed differently. For example, a set of magnets 174' can be
mounted to a planet carrier 210 of a first planetary stage 212
while field windings 172' can be mounted to a planet carrier
220 of a second planetary stage 222 as shown in FIG. 8 such
that the set of magnets 174' rotate at a rotational speed that is
higher than a rotational speed at which the field windings 172
rotate.

With particular reference now to FIGS. 9-12, an additional
configuration will be described. In FIGS. 9 and 10, a set of
magnets 174" is mounted on a drive shaft 230 that receives
rotary power directly from a motor 232 that drives a trans-
mission 234. The drive shaft 230 can extend through the
transmission and into a chuck 240 such that a distal end of the
drive shaft 230 is mounted coaxially within the field windings
172" that are also housed in the chuck 240.

The set of magnets 174" can be mounted to the distal end of
the drive shaft 230. As shown in FIGS. 10 and 11, the set of
magnets 174" can comprise two or more magnets that can be
spaced apart axially along a portion of the distal end of the
drive shaft 230. In FIG. 12, the drive shaft 230' is mounted to
a component within a transmission 234' so as to permit the
drive shaft 230' to rotate at a speed that is higher than the
rotational speed of the output spindle 236. In the example
illustrated, the drive shaft 230' is coupled for rotation with a
planet carrier 244 associated with a second stage 246 of the
transmission 234' that is in intermediate input and output
stages 250 and 252 of the transmission 234'.

Turning now to FIG. 13, a lighting system constructed in
accordance to additional features of the present teachings is
shown and generally identified at reference numeral 260. The
lighting system 260 is generally configured as part of a
removable chuck nose 262. The removable chuck nose 262
can incorporate a series of LEDs 266 on a forward end. The
removable chuck nose 262 can be selectively attached to the
remainder of the tool and can be used for various aspects such
as depth limiting purposes. The removable chuck nose 262
can cooperate with an output spindle 270 that is driven by an
output member of the power tool. An accessory receiver 272
can be coupled to the output spindle 270 for receiving an
accessory 274. The lighting system 260 can provide a self-
contained power source 280 that includes coils 282 arranged
in a body 284 of the removable chuck nose 262 and magnets
288 mounted to the output spindle 270. As can be appreciated,
as the output spindle 270 rotates, the magnets 288 induce a
magnetic field. The magnetic field can be rotated relative to
the coils 282. The coils 282 would act as an inductor. When
the magnetic field passed by the coils 282, a change in flux
would be created through the coils 282, which would induce
an electrical current in the wires 282. This current can be used
to power the LEDs 266.

With reference now to FIGS. 14-22, various lighting con-
figurations for a drill chuck will be described. FIG. 14 illus-
trates a conventional prior art lighting system 300 that
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includes a light 302 (such as an LED, etc.) that can be
mounted to a body of the tool. In such a configuration, the
light emitted from the light 302 can be blocked by the chuck
and/or accessories extending in the chuck 304 and/or an
extremity 306 (such as a finger) of a user. In the configuration
of'the lighting system 300 shown in FIG. 14 according to prior
art, the light may not fully illuminate a workpiece 308 as
desired by the operator.

Turning now to FIG. 15, a lighting system 310 according to
the present teachings includes lights 312 that are mounted in
the body of the chuck 314. By adding one or more lights 312
to the chuck 314, the coverage of the light emitted by the
lights 312 onto the workpiece 308 is improved. A lighting
system 320 illustrated in FIG. 16 includes lights 322 config-
ured as part of a collar 323 that may be separately mounted
onto achuck 324. As shown in FIG. 17, a lighting system 330
includes lights 332 that may be mounted to a chuck 334. The
lights 332 can be configured to emit light into a clear shield
336 arranged at a distal end of the chuck 334. The configu-
rations of the lighting systems 310, 320, and 330 provide an
improved lighting of the workpiece 308 over the configura-
tion shown in the prior art FIG. 14.

With reference now to FIGS. 18-22, various configurations
and methods for transferring power to a spinning chuck will
be described. As illustrated in FIG. 18, a chuck 340 incorpo-
rates lights 342 thereon. The chuck 340 incorporates a con-
ductive track 344 on a proximal end. The track 344 can
comprise a first track 346 and a second track 348. In one
configuration, one of the tracks 346 or 348 can be configured
for transmission of electrical power while the other track can
be configured for a return path. In other examples, a single
path may be used for a transmission and return path. Spring
loaded brushes 350 can be mounted to the tool. In this regard,
as the chuck rotates, the brushes 350 can make contact with
the track 344 and provide power to the tool. The power can be
used to power the lights 342 and/or can be used to provide
power elsewhere in the tool. In other examples, a slip ring
system could be installed inside the tool, with the brushes 350
providing power. In the example shown in FIG. 20, a chuck
352 incorporates lights 354 for illuminating the workpiece
308. Spring loaded brushes 358 can be mounted to the tool
while a track 360 can be cooperatively provided for transfer-
ring power. In FIG. 21, a chuck 362 is provided that incorpo-
rates lights 364 for illuminating a workpiece 308. The chuck
362 incorporates a frequency generator 368 and a piezoelec-
tric receiver 370. The piezoelectric receiver 370 and fre-
quency generator 368 can cooperate to form a piezoelectric
generator 372 that generates electricity from the movement of
the chuck 362. In such a configuration, the lights 364 would
be turned on whenever the chuck 362 is rotated. A capacitor
376 (FIG. 22) could be installed to provide a delay between
the time after the chuck 362 stops rotating and when the lights
364 shut off. In the configuration shown in FIG. 22, a piezo-
electric module 380 can be configured on a chuck 382 having
lights 384 that can be configured to shine on the workpiece
308. The piezoelectric module 380 can enable power to be
generated from the rotational motion of the chuck 382. Alter-
natively, a battery may be disposed inside the tool holder and
in conjunction with a centrifugal switch or motion activated
switch or sensor, power the LEDs on the chuck when the
chuck is rotating. The design of the chuck would allow access
for the user to change the battery.

Turning now to FIGS. 23-31, a lighting system 400 con-
structed in accordance to additional features of the present
disclosure will now be described. The lighting system 400
generally comprises a transformer coil assembly 402 that is
configured on a power tool 404. The power tool 404 generally
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includes a tool housing 406 that incorporates an end effector
in the form of a chuck 408 having a plurality of jaws 410. The
transformer coil assembly 402 generally includes a primary
coil subassembly 414 and a secondary coil subassembly 418.
As will be described herein, the primary coil subassembly
414 is fixed relative to the tool housing 406 while the second-
ary coil subassembly is fixed to a chuck body 420 ofthe chuck
408. The primary coil subassembly 414 and the secondary
coil subassembly 418 are both mounted concentric with an
output shaft 422. LEDs 426 are positioned on a front end of
the chuck 408 and illuminated in a direction toward a work-
piece with use of the transformer coil assembly 402.

Inthe example shown, the primary coil subassembly 414 is
attached to a mode collar retainer 430. The primary coil
subassembly 414 is attached to a primary coil wiring harness
436 that connects to a power source of the power tool and may
be routed inside the tool housing 406 as shown in FIG. 25. In
other embodiments, the primary coil wiring harness 436 may
be routed outside of the tool housing such as in a conduit or
other retainer.

With reference now to FIG. 26, the primary coil subassem-
bly 414 and the secondary coil subassembly 418 will be
described in greater detail. The primary coil subassembly 414
generally includes a primary coil bobbin 440, a primary wire
442 that is wound around the primary coil bobbin 440, and a
primary coil housing 444 that receives the primary coil bob-
bin 440. The primary coil housing 444 can be formed of
metallic material. The secondary coil subassembly 418 can
generally comprise a secondary coil bobbin 448 having a
secondary wire 450 wound therearound and a secondary coil
housing 452. The secondary coil housing 452 can receive the
coil bobbin 448 therein. As shown in FIG. 27, the secondary
coil subassembly 418 is attached to a rearward facing surface
of the chuck body 420 of the chuck 408. A passageway 456
can be formed through the chuck body 420 of the chuck 408
for wiring 460 to pass from the secondary coil subassembly
418 to the LEDs 426 at the front end of the chuck 408. The
passageway may be a hole drilled in the chuck body 420
between a pair of jaws of the chuck jaws 410. It will be
appreciated that while the example shown herein is a keyed,
three-jaw chuck, that any other configuration including key-
less chuck (such as disclosed herein at FIGS. 74-86) or pusher
style chucks may be used. It is also appreciated, as will be
discussed in detail herein, that the configuration may be used
in a clamping tool (see for example FIGS. 36-39) or other
configurations where it is desired to place LED lighting,
electronics and/or sensors on a component moving relative to
the body of the tool that is wired to the main power of the tool
and/or contains a battery. The LEDs 426 and secondary coil
subassembly 418 may also be attached to the chuck sleeve
and the wiring 460 may be routed in the chuck sleeve. In other
configurations, the space between the chuck jaws 410 toward
the rear area of the chuck 408 may be utilized to accommo-
date wires, support electronics, or integrate sensors. The out-
put shaft 422 cooperates with the metallic primary coil hous-
ing 444 and metallic secondary coil housing 452 to provide
flux paths. The utilization of these components can signifi-
cantly increase the coupling between the primary and second-
ary coil subassemblies 414 and 418, and thus the power
transferred therebetween. In use, magnetic flux is conveyed
by the output shaft 422 to provide a mutual inductance that
couples energy from the primary wire 442 (connected to the
power source of the tool) to the secondary wire 450 (con-
nected to the LEDs 426). In the example shown in FIG. 30, the
secondary coil housing 452 may be integrally formed with the
chuck body 420 of the chuck 408. In other examples, the



US 9,328,915 B2

15

primary coil housing 444 may be integrally formed with the
tool housing 406 of the power tool 404.

The LEDs 426 may be part of an LED light ring subassem-
bly 470. The LED light ring subassembly 470 can include the
LEDs 426 that are arranged around a printed circuit board
(PCB) 472 (FI1G. 29). The wiring 460 can electrically connect
the LEDs 426 by way of the printed circuit board 472 to the
secondary wire 450 of the secondary coil subassembly 418.
FIG. 32 illustrates a protective cover 480 disposed around the
LED light ring subassembly 470. The protective cover 480
generally includes a cover body 482 that incorporates a series
of openings 484 therearound. The openings 484 are config-
ured to align with the LEDs 426 to allow light emitted from
the LEDs 426 to pass therethrough.

FIG. 33 illustrates the LED light ring subassembly 470
surrounded by a protective cover 490. The protective cover
490 can be clear or translucent. FIG. 34 incorporates another
protective cover 492 that is mounted around the LED light
ring subassembly 470. The protective cover 492 can surround
the LED light ring subassembly 470 to protect the LEDs 426
and PCB 472. The protective cover 492 can be formed of
plastic, metal, or other rigid material. The protective cover
492 can be completely or partially formed integral to a chuck
component such as the chuck body 420 or a chuck sleeve. The
configuration shown in FIG. 35 provides a single LED 426’
that is embedded into the chuck body 420.

With reference now to FIGS. 36-39, a lighting system 500
constructed in accordance to additional features of the present
teachings will be described herein. The lighting system 500 is
generally configured on a power tool that incorporates an end
effector in the form of a clamp washer assembly 504 having
an outer clamp washer 506 and an inner clamp washer 508. As
is known in the art, the outer clamp washer 506 can be urged
toward the inner clamp washer 508 such as by threading a nut
510 along an output shaft 512 to clamp an accessory 516
therebetween. The accessory 516 can be a cutting disk, a
sanding member, or other working tool. A pair of coils includ-
ing a primary coil 520 and a secondary coil 522 are configured
to transmit power from a tool housing 526 to the rotating
clamp washer assembly 504. The primary coil 520 can be
fixed to the tool housing 526 and excited in such a manner as
to induce a power transfer to the secondary coil 522. The
secondary coil 522 can be disposed or integrally formed with
the inner clamp washer 508. The primary coil 520 can be
wired to a power source 530 on the tool housing 526. The
secondary coil 522 can be wired to LEDs 534. The LEDs 534
can be arranged to illuminate radially outward.

The configuration shown in FIG. 37 provides a secondary
coil 522' that is arranged for use with the outer clamp washer
506'. In the example shown in FIG. 37, power may not be able
to be transferred through an accessory 516 that is formed of
metal which is a hard magnetic material as opposed to a soft
magnetic material. However, power may be communicated
through the accessory 516 if the tool is made of an abrasive
cut-oft wheel or a grinder wheel. The LEDs 534' are also
configured in the outer clamp washer 506'.

With reference to FIG. 37A, a lighting system 500' con-
structed in accordance to additional features of the present
teachings is shown. The lighting system 500" is generally
configured on a grinder tool 536 that incorporates an end
effector in the form of a grinding wheel 516'. The lighting
system 500' can be powered by alternating current, such as
disclosed in the identified embodiments herein. The lighting
system 500' can generally include an LED 538 (or a collection
of LEDs) coupled to an upper housing 540. In the example
shown, the housing 540 can generally be in the form of an
upper gearbox case of the grinder tool 536. In this regard, the
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LED 538 can be affixed in a configuration so as to shine
emitted light in a direction toward the grinding wheel 516' and
associated workpiece.

FIGS. 38 and 39 illustrate another configuration where a
secondary coil 522" is configured on an inner clamp washer
508' and the LEDs 534" are configured in the outer clamp
washer 506". The inner clamp washer 508' includes a pair of
isolated conductive concentric tracks 542 and 544. In the
outer clamp washer 506", the LEDs 534" are mounted to
illuminate radially outwardly. Conductors 546 and 548 are
configured to electrically connect with the tracks 542 and 544
on the inner clamp washer 508'. In this regard, power is
conducted to the LEDs 534" on the outer clamp washer 506".
Such a configuration can be configured for use with metallic
and non-metallic wheels 516. Notably, the LEDs 534" may be
powered on either the inner or outer clamp washers 506',
506", or on both of the inner and outer clamp washers 508' and
506". The LEDs 534" may be used for illumination of the
workpiece and/or to generate a shadow cut line on a work-
piece on one or both sides of the accessory 516. A laser LED
may also be placed on the tool holder and used to project a
line, dot or other image on a portion of a tool (like a table)
and/or the workpiece to indicate a cut line, orientation of the
tool to the workpiece, or some condition of the tool or tool
holder. For example, the laser may illuminate a red spot on the
work surface when the chuck has not been tightened
adequately. In other benefits, sensors may be located on the
inner and/or outer clamp washers 508', 506" and have a
source of power. Information may also be transferred
between the components. In other examples, a sensor can be
located on one of the inner or outer clamp washers 508', 506"
that may be able to identify the type of accessory. This infor-
mation may be transmitted to a controller in the tool and the
controller may be configured to adjust the performance of the
tool to match the accessory 516.

With general reference now to FIGS. 40-65, various con-
figurations and methods for illuminating LEDs on a power
tool through a rotary transformer (such as those disclosed
herein) will be described. With initial reference to FIG. 40, a
rotary transformer 550 constructed in accordance to one
example of the present teachings is shown. In general, the
rotary transformer 550 shown in FIG. 40 represents a corded
power tool that receives power through an AC power source
552. It will be appreciated from the following discussion,
however, that other examples may be provided for using a
rotary transformer in a cordless, battery-powered power tool.
The rotary transformer 550 includes a primary winding 554
incorporated on a stationary portion 556 of the power tool.
The stationary portion 556 can comprise a non-rotating por-
tion of the power tool, such as the body of the power tool. The
rotary transformer 550 further comprises a secondary wind-
ing 560 incorporated on a rotating portion 562 of the power
tool. The rotating portion 562 can include a rotating chuck
such as disclosed herein. A core 564 is disposed between the
primary and secondary windings 554 and 560, respectively.
An LED 566 is electrically connected to the secondary wind-
ing 560. The rotary transformer 550 provides a configuration
that electrically transfers power between the primary winding
554 and secondary winding 560. A magnetic flux is con-
ducted by way of the core 564 to facilitate a mutual induc-
tance that couples energy from the primary winding 554
(having the AC power source 552) to the secondary winding
560 (having the LED 566). In one example, the rotary trans-
former 550 may include a switch 567. FIG. 41 illustrates
exemplary parameters 568 for the rotary transformer 550. It
will be appreciated by those skilled in the art, however, that
the exemplary parameters 568 may be altered within the
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scope of this disclosure. FIG. 42 illustrates an exemplary
physical diagrammatic representation of the rotary trans-
former 550. The AC power source 552 is electrically con-
nected to the primary winding 554. The core 564 extends
within the primary winding 554 and the secondary winding
560. The secondary winding 560 is electrically connected to
the LED 566. In one example, the core 564 can be an iron
core. FIG. 43 illustrates a rotary transformer 550' incorpo-
rated on a cordless power tool that receives DC power from a
battery. In this regard, the rotary transformer 550" includes a
DC power source or battery 570 that communicates DC
power into a DC to AC conversion 572. The DC to AC con-
version 572 electrically communicates with a primary wind-
ing 554' that is arranged around a core 564'. A secondary
winding 560' is electrically connected to an LED 566'.

With reference now to FIG. 44, additional features of
exemplary rotary transformers according to the present teach-
ings will be described. A rotary transformer 580 includes a
power source 582 that is electrically connected to a primary
winding 584. The power source 582 is generically repre-
sented with the intent to encompass either an AC power
source or a DC power source. The primary winding 584 is
wound around a core 586. A secondary winding 588 is also
wound around the core 586. The secondary winding 588 is
electrically connected to a first LED 590 and a second LED
592. Notably, the first and second LEDs 590 and 592 are
connected in parallel but in opposite directions. FIG. 45 illus-
trates another exemplary rotary transformer 580" that incor-
porates similar features as disclosed above with respect to
FIG. 44 but also incorporates a secondary circuit 594. The
secondary circuit 594 includes a capacitor 596 and a resistor
598. It will be appreciated that the secondary circuit 594 may
comprise other electrical components based on the intended
application. Like components to the rotary transformer 580
disclosed in FIG. 44 are represented with like reference
numerals having a prime suffix.

With reference to FIG. 46, the rotary transformer 550 as
shown and described above with respect to FIG. 40 is shown
to have a general load (565) and a current 600 that circulates
in both a clockwise and counterclockwise direction around
the secondary winding 560. FIG. 47 is an exemplary plot of
the current 600 over time t. Notably, the current 600 provides
aclassical sine wave of circulating current for the general load
565.

Turning now to FIG. 48, the rotary transformer 550 is
shown having a current 600' that flows in only one direction as
a result of the LED 566 being electrically coupled to the
secondary winding 560. It will be appreciated that the nature
of'the LED 566 may also permit a minimal amount of current
to flow in the reverse direction. However, the amount is vir-
tually negligible. FIG. 49 represents the current resulting
from configuration of the rotary transformer 550 in FIG. 48.
Notably, as current is only permitted to flow in a clockwise
direction, zero current is provided in the anti-clockwise direc-
tion. FIG. 50 represents the luminous intensity of the LED
566. In this regard, the light emitted by the LED 566 can be
approximately equivalent to the magnitude of current that
flows through it. The luminous intensity 610 is represented on
the y-axis versus time t along the x-axis in FIG. 50. As shown
in FIG. 50, the luminous intensity 610 is approximately pro-
portional to the current 600' that flows through the LED 566
as represented in FIG. 49. Because the current 600" corre-
sponds to the luminous intensity 610 shown in FIG. 50, the
LED 566 is eftectively flashing on and off several times a
second (for example, sixty times a second). In many
examples, a well accommodated human eye can detect this
flashing. In some examples, the human eye can better identify
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the flashing while not looking directly at the LED 566 and
instead viewing the LED 566 through peripheral vision. In
this regard, because some people can detect such flickering,
the configuration may be a distraction.

FIG. 51 illustrates a rotary transformer 630 that is config-
ured to smooth out the ripple in the luminous intensity of the
LED 566 represented in FIG. 50. The rotary transformer 630
incorporates a resistor 632 and a capacitor 634 that can coop-
erate to reduce the amount of ripple to yield a luminous
intensity 640 versus time t shown in FIG. 52. It will be
understood that additional and/or alternative components
may be used to yield similar results. Those skilled in the art
will appreciate that the luminous intensity 640 has both a DC
component and an AC component. The DC component is the
average value of the entire string of waves. The remainder is
the AC component. Therefore, when the AC component is
filtered, the AC component of current flowing through the
LED 566 is reduced considerably and, as a result, the apparent
flickering of light perceived is also significantly reduced. It
will be appreciated that the flickering of light has not been
removed entirely, however, the flickering of light can be
reduced significantly such that the human eye may no longer
be able to perceive it.

Turning now to FIG. 53, the rotary transformer 580 is
shown having the primary winding 584 and the secondary
winding 588 wound around the core 586. The first and second
LEDs 590 and 592 are connected in parallel and in opposite
directions to the secondary winding 588. In the configuration
shown in FIG. 53, current circulates in both a clockwise and
anti-clockwise direction. A plot 650 is shown in FIG. 54 that
depicts the current circulating in both directions from the
schematic representation in FIG. 53. Notably, the clockwise
current circulates essentially only through the LED 590 while
the anti-clockwise current circulates only in the second LED
592. A luminous intensity 654 is plotted versus time in FIG.
55 for the schematic configuration illustrated in FIG. 53. In
this regard, for the positive clockwise circulating current, one
of the LEDs (such as 590) will illuminate and for the anti-
clockwise current, the other LED (such as the second LED
592) will illuminate. The human eye generally cannot per-
ceive with clarity the alternating light as the frequency is too
fast. In essence, the result of luminous intensity can be similar
to that described above with respect to FIG. 50, however,
twice the amount of light results. Explained further, while
FIG. 55 represents a combination of both AC and DC current,
the amount of the DC component has been doubled and the
AC component has been reduced relative to that described
above with respect to FIG. 50.

FIG. 56 illustrates a rotary transformer 660 constructed in
accordance to additional features of the present teachings.
The rotary transformer 660 is connected to a power source
662 that may be consistent with either a corded or cordless
power tool as described above. A primary winding 664 is
incorporated around a core 668. Similarly, a secondary wind-
ing 670 is wrapped around the core 668. An LED 672 is
electrically connected to the secondary winding 670. A
modulation circuit 674 is also electrically connected with the
secondary winding 670 and the LED 672. The modulation
circuit 674 can be configured in any desirable manner such as
to encourage the LED 672 to flash on and off and/or control
the intensity of the LED 672 over time. In some examples, the
modulation circuit 674 can modulate the LED 672 at exactly
the rate of rotation of the chuck. In other examples, the modu-
lation circuit 674 can be configured to modulate at a fre-
quency that is either slightly higher or slightly lower than the
rate of rotation of the chuck to make the rotating accessory
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appear that it is rotating very slowly. In this regard, such a
configuration can convey to a user that the accessory is rotat-
ing and not static.

With reference now to FIG. 57, a rotary transformer 680
constructed in accordance to other features of the present
disclosure is shown. The rotary transformer 680 can have an
AC power source 682 (or a DC power source as described
herein), a primary winding 684 incorporated on a stationary
portion 686, and a secondary winding 690 incorporated on a
rotating portion 692. A core 694 can be disposed between the
primary and secondary windings 684 and 690, respectively.
The secondary winding 690 can include a first diode 700, a
second diode 702, a third diode 704, a fourth diode 706, and
an LED 710. The schematic configuration provided in the
rotary transformer 680 of FIG. 57 doubles the light output
using both clockwise and anti-clockwise circulating currents
while only requiring a single LED 710. The circuit offered by
the rotary transformer 680 provides a full-wave rectification.
In this regard, by utilizing four common (less costly) diodes
(700, 702, 704, and 706) that make a bridge, the cost of
requiring two LEDs is not necessary as the full light output
can be realized with the single LED 710. The current 714
flowing through the LED 710 is shown in FIG. 58. The lumi-
nosity 716 is shown in the plot of FIG. 59 for the LED 710 in
the circuit illustrated in FIG. 57.

Turning now to FIG. 60, another exemplary rotary trans-
former 720 constructed in accordance to another example of
the present teachings will be described. The rotary trans-
former 720 generally includes a power source 722, a primary
winding 724 incorporated on a stationary portion 726 of the
power tool. Again, the stationary portion 726 can comprise a
non-rotating portion of the power tool, such as the body of the
power tool. The rotary transformer 720 can further comprise
a secondary winding 730 incorporated on a rotating portion
732 of the power tool. The rotating portion 732 can include a
rotating chuck such as disclosed herein. A core 736 is dis-
posed between the primary and secondary windings 724 and
730, respectively. A lighting means 740 is electrically con-
nected to the secondary winding 730. The rotary transformer
720 can include a primary series impedance 750 incorporated
on the primary winding 724 or primary circuit. A primary
shunt impedance 752 can additionally or alternatively be
electrically coupled to the primary winding 724 or primary
circuit. Likewise, a secondary series impedance 754 can be
electrically connected to the secondary windings 730 or sec-
ondary circuit. A secondary shunt impedance 756 can addi-
tionally or alternatively be electrically coupled to the second-
ary winding 730 or secondary circuit. The primary and
secondary series impedances 750 and 754 can be incorpo-
rated for many reasons according to the desires of a particular
circuit.

Similarly, a primary and/or secondary shunt impedance
752 and 756 can be included according to the needs of a
particular application. The various impedances 750, 752, 754,
and 756, therefore, can be used for any desired manner such
as, but not limited to resonating the circuit or increasing the
efficiency of, the circuit. FIG. 61 illustrates various LED
configurations that may be adapted for use as the lighting
means 740. For example, a single LED 760 may be used as the
lighting means 740. Alternatively, a first and second LED 762
and 764 may be connected in parallel and opposite directions
and may be used as the lighting means 740 in FIG. 60. Like-
wise, a first diode 766, second diode 768, third diode 770,
fourth diode 772, and LED 774 can also be used as the
lighting means 740. In sum, a modulation means can be
provided in either the primary circuit or the secondary circuit.
Either of the primary or secondary side may be modulated.
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The secondary side can also incorporate regulation means
such as a resistor and capacitor configuration to smooth out
the ripple. In this regard, various components can be inter-
changed in an effort to remove a 60 or 120 Hertz ripple.
Additionally or alternatively, if it is desired to modulate the
circuit to flash the LED at a slower rate, appropriate modula-
tion can be incorporated.

It will be appreciated that the modulation means described
herein may be configured to control the illumination of the
LEDs in any desired manner. For example, the LEDs can be
configured to flash at a rate synchronized with an output
spindle of the power tool to provide a stroboscopic effect. In
this way, the perceived rotary motion of the tool accessory
may be stopped or slowed. Moreover, the LEDs can be con-
figured to illuminate once per spindle rotation or multiple
times per spindle rotation. The timing of illumination can be
adjusted to lead or lag the spindle rotation. This can give the
appearance of a slowly rotating accessory. In some examples,
the rotation rate of the chuck and the AC frequency can cause
the LEDs, powered by AC, to appear as a “string of pearls”
when the chuck is rotating at any substantial speed. When the
frequency of rotation and AC are coordinated, the string of
pearls can appear to stand still. As the rotation increases or
decreases slightly from the “still” condition, the string of
pearls will begin to rotate clockwise or counter-clockwise.
The further the deviation in frequencies, the faster the pearls
rotate until a new synchrony is approached and the peals
begin to slow down until the pearls appear to stand still. With
the appropriate modulation, rotation, position sensing, micro
processing and other circuitry, the string of pearls can be
made to appear as if they are never rotating. It will be appre-
ciated that sufficient rotation speed must be attained.

FIG. 62 is a generalized rotating transformer 780 having a
power source 782 that may incorporate a power conversion
means 784 connected to a primary winding 786. A primary
modulation means 788 may also be incorporated with the
primary winding 786. A secondary modulation means 790
and secondary regulation means 792 can be incorporated on a
secondary winding 794. A core 796 can be disposed between
the primary and secondary windings 786 and 794. Lighting
means 798 can be incorporated on the secondary winding
794.

Turning now to FIG. 63, a generalized representation of
one example of the present teachings is shown. A power
means 800 can include a power source and/or a power con-
version means. Box 802 represents a primary series imped-
ance and/or a primary shunt impedance and/or a primary
modulation means. A power transfer means 804 connects box
802 with box 806. Box 806 can include a secondary series
impedance and/or a secondary shunt impedance and/or a
secondary modulation means and/or a secondary regulation
means. A lighting means 808 is connected to box 806.

FIG. 64 is a schematic diagram illustrating an exemplary
power tool 820 constructed in accordance to the present
teachings. A rotary transformer 822 is collectively repre-
sented by an illumination means 824 and a holder means 826.
The illumination means 824 can include a single LED 830 (or
aplurality of LEDs). The holder means 826 can be any of the
chucks disclosed herein, but it may also comprise a different
kind of'tool holder within the scope of the present disclosure.
The holder means 826 can be configured to retain an acces-
sory 832. The accessory can be a drill, a saw blade, or any
other kind of cutting tool that may be in contact with a work-
piece 834 performing an action onto the workpiece 834. The
power tool 820 can include an electrical power means 842
such as disclosed herein. Sensor means 844 can be used to
convey information back to the non-rotating body of the
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power tool 820 such as through a frequency shift keying
encoding means 846 and frequency shift keying decoding
means 848. A power tool controlling means 850 can commu-
nicate between the frequency shift encoding and decoding
means 846, 848, and a motor 852. It is contemplated that the
sensor means 844 can communicate data that is encoded
through the frequency shift encoding and decoding means
846, 848 that is transferred through the rotary transformer
means 822 back to a non-rotating side of the power tool 820.
The digital information can be decoded and provided to the
power tool controller means 850 to take an appropriate action.
For example, the power tool controller means 850 may be
configured to reduce the torque output of the power tool 820
such as when a binding of the accessory 832 is identified. In
such a scenario, the power tool controller means 850 can
communicate a signal to the motor 852 consistent with reduc-
ing the output torque thereof. As a further example, a sensor
in the tool holder may identify the accessory inserted into the
holder and this may be transmitted to the power tool control-
ler. The controller may then choose to depower or slow down
the tool for small drill bits and thread taps. Alternatively, the
controller may choose to instruct the transmission (or the
user) to shift to low gear and the motor to high power when a
hole saw or some similarly large accessory is inserted into the
tool holder. In a different example, a sensor and indicator are
included in the tool holder and powered by any of the means
described herein. The sensor may sense when the tool holder
is not tight and illuminate an LED on the chuck indicating to
the user that the tool holder is not tight. For a chuck, the user
may need to tighten the sleeve until a green LED on the chuck
is illuminated.

FIG. 65 illustrates another power tool 820" constructed in
accordance to additional features of the present disclosure.
The power tool 820' can be constructed similar to the power
tool 820 discussed above, therefore like reference numerals
have been repeated for similar components. The power tool
820' includes a configuration that can communicate informa-
tion from the stationary side of the tool to the rotating side of
the tool. The power tool 820' includes a voltage pulse encod-
ing: means 860 and a voltage pulse decoding means 862. In
this example, a temperature sensor may be provided in the
motor 852 and the power tool controller means 850 can be
configured to sense if the motor 852 is getting too hot. The
power tool controller means 850 can communicate through
the voltage pulse encoding means 860 and voltage pulse
decoding means 862 (other configurations are contemplated).
The voltage pulse decoding means 862 can communicate
with the rotating holder means 826 to perform an action. In
some examples, the LED 830 can be configured to modulate
or flash to indicate that the motor 852 is getting too hot, for
example. In other examples, the LED 830 can be a plurality of
LEDs of different colors for instance, which can be illumi-
nated sequentially or alternately so as to convey information
to the power tool user. In yet other examples, the LED 830 can
be a plurality of LEDs of different colors disposed about the
rotating holder such that as the speed of rotation increases, the
mixing of colors conveys information to the power tool user.
In sum, the configuration of the power tool 820' shown in FIG.
65 essentially communicates information from the non-rotat-
ing side of power tool 820' through the rotary transformer
means 822 to the rotating side of the power tool 820'.

Contrastingly, the power tool 820 can be arranged to com-
municate information from the rotating side of'the power tool
through the rotary transformer means 822 to the non-rotating
side of the power tool. Other configurations are contemplated.
The rotary transformers described herein can provide many
benefits. For example, in the rotary transformers described for
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use with an AC power source (corded power tool), the LEDs
can be configured to stay illuminated whether the chuck is
rotating or not. Moreover, the LED is on at the same bright-
ness whether it is rotating or not and whether the accessory is
doing any work on the workpiece or not. In one configuration,
when a user plugs the cord of the power tool into a wall outlet,
the LEDs can be configured to turn on immediately. In
another configuration, the LEDs may, not illuminate imme-
diately upon plugging the power cord into the wall outlet.
Alternatively, the LEDs can be configured to illuminate when
a user pulls the trigger of the tool (and even before the chuck
starts rotating), which provides AC power that will then go
through the rotary transformer to illuminate the LED. For the
DC application (such as a battery powered tool), the LEDs
can be configured to illuminate when the battery pack is
plugged into the power tool. As such a configuration may
unnecessarily drain the battery, another configuration can be
provided where once an initial pressure on the trigger is
detected and before the chuck begins to rotate, the LED
illuminates. The LED would also remain illuminated
throughout application of pressure on the trigger.

With reference now to FIGS. 66-73, various circuits will be
described that incorporate switching methods to enable an AC
rotating transformer to be used in a cordless power tool where
only DC is available to excite the transformer. In general, the
circuits can be classified in two categories, either a flyback
circuit (see FIG. 66) or a forward circuit (FIGS. 67-73). A
flyback circuit can be preferred in a low power system for
being relatively simple and cheap. A forward type circuit may
require more components and complexity but can offer the
potential for increased power transfer for a given transformer
design. FIG. 66 illustrates an exemplary flyback circuit 880.
The flyback circuit 880 incorporates a switching device 882.
The switching device 882 is schematically represented by an
FET and can be either an N or P-channel FET device. Addi-
tionally, the switching device 882 can be other types of elec-
tronic switching devices, such as NPN or PNP-type bipolar
transistors, or any other type of electronic switching device.

The switching device 882 can be controlled either with
dedicated power supply control devices, or a microcontroller.
In other examples, other forms of analog or digital devices
can control the FET switching device 882 based on an input
voltage, output voltage, input and/or output current condi-
tions of the power supply. FIG. 67 illustrates a forward single
switch circuit 884 having a switching device 886. FIG. 68
illustrates a forward, two-switch circuit 886 having a first
switching device 890 and a second switching device 892.
FIG. 69 illustrates a forward, active clamp circuit 896 having
a first switching device 898 and a second switching device
900. FIG. 70 illustrates a forward, half-bridge circuit 902 that
incorporates a first switching device 904 and a second switch-
ing device 906. F1G. 71 illustrates a forward, push-pull circuit
910 that incorporates a first switch 912 and second switch
914. FIG. 72 illustrates a forward, full-bridge circuit 920 that
incorporates a first switching element 921, a second switch-
ing element 922, a third switching element 924, and a fourth
switching element 926. FIG. 73 illustrates a forward, phase
shift zero voltage switching circuit 930. The circuit 930 incor-
porates a first switching device 932, a second switching
device 934, a third switching device 936, and a fourth switch-
ing device 938.

In some examples of the present teachings, one or more
primary cells may be used to make a battery that can power
LEDs mounted in a rotating chuck. In such examples, the
method to turn “on” and “off” the LEDs is critical for user
satisfaction and also for minimizing the frequency of the
battery replacement. In this regard, various sensing methods
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may be incorporated to turn “on” the LEDs in the chuck using
very low powered electronic circuitry which does not drain
the battery when the LEDs are turned “oft”. One configura-
tion includes a centrifugal switch that is activated by the
rotating chuck. A second configuration includes an acceler-
ometer that detects vibration of the tool and/or rotation of the
chuck. In a third configuration, a piezoelectric sensor can be
incorporated that detects tool vibration. In a fourth configu-
ration, a Hall-effect sensor is incorporated that senses rotation
of'a small magnet. In each of the configurations and sensing
methods described above, the LEDs could be turned “off”
when the sensor output is below a turn “on” sensing threshold
(such as to allow for suitable hysteresis). In addition, it is
possible to also include a time delay such that the LED
remains on for a given time, once the sensor output is below
the turn “on” sensing threshold. The various sensing methods
described above can enable a battery in the chuck to power the
LEDs mounted in a chuck only when the tool is in operation
and thus provide maximum battery life. A suitable LED delay
can also be provided to aid the user when the tool is not
running.

With reference now to FIGS. 74 and 75, another lighting
configuration 950 constructed in accordance to additional
features of the present disclosure will be described. The light-
ing configuration 950 disclosed in FIGS. 74 and 75 can
include similar features as discussed above with respect to the
various rotary transformers (reference 550, FIG. 40 etc.).
Specifically, the configuration set forth in FIGS. 74 and 75
provides akeyless chuck subassembly 952 that incorporates a
ring 954, an outer sleeve 956, an inner sleeve 958, and a
body/jaw/nut subassembly 960. The inner sleeve 958 can
incorporate a secondary coil 964 that electrically connect
with LEDs 966 on a distal end of the inner sleeve 958. The
secondary coil 964 can be configured to cooperate with a
primary coil that may be configured on a stationary portion of
the power tool such as any configuration disclosed herein. In
one example, the inner sleeve 958 is formed of plastic that is
molded with a cylindrical depression 970 around an inner
diameter that the secondary coil 964 may be wound around.
The inner sleeve 958 can be configured to accommodate one
or more LEDs 966 either as discrete components or surface
mounted to a printed circuit board similar to disclosed herein
(see for example, printed circuit board 472, FIG. 23). The
outer sleeve 956 may be modified to include ports that allow
light to be projected onto a workpiece. In the lighting con-
figuration 950 disclosed in FIGS. 74 and 75, the metal outer
sleeve 956 and the body/jaw/nut subassembly 960 can serve
as the flux path.

With reference now to FIGS. 76-79, another lighting con-
figuration 1000 incorporated on a keyless chuck subassembly
1002 according to the present teachings will be described.
The keyless chuck subassembly 1002 can generally include
an outer sleeve 1004, an inner sleeve 1006, and a chuck body
1008. A series of light pipes 1010 are incorporated on the
keyless chuck 1002 and locate through passages 1014 formed
in the chuck body 1008. An end cap subassembly 1020 can be
incorporated on a rear end of the keyless chuck subassembly
1002. The end cap subassembly 1020 can generally include a
cap body 1022, a printed circuit board 1024, and a series of
LEDs 1026. A secondary coil winding 1030 can be incorpo-
rated in the end cap body 1022 of the end cap subassembly
1020. The secondary coil winding 1030 can cooperate with a
primary coil winding such as incorporated on the body of the
power tool as described above. The outer sleeve 1004, chuck
body 1008, and tool spindle (not shown) can provide a flux
path for the rotary transformer. The light pipes 1010 can be
aligned with the LEDs 1026 to communicate a light beam

10

15

20

25

30

35

40

45

50

55

60

65

24

from the LEDs 1026, through the keyless chuck 1002, and out
a distal end onto a workpiece. A conical cap 1034 can be
arranged on a forward end of the outer sleeve 1004.

With reference now to FIGS. 80-86, a lighting system 1050
incorporated on a drill chuck 1052 according to another
example of the present teachings will be described. The drill
chuck 1052 generally includes a chuck body 1054 having a
plurality of light pipes 1056 positioned within a correspond-
ing series of bores 1060 formed through the chuck body 1054.
In the example provided, the chuck body 1054 incorporates
three light pipes 1056. A light ring 1066 can include a PCB
1068 having a plurality of LEDs 1070 formed thereon. In the
example provided, the PCB 1068 includes four LEDs 1070.
The light ring 1066 can be incorporated on a stationary por-
tion of the power tool such as the tool body. The LEDs may be
powered by any method disclosed herein. In this regard, the
light ring 1066 remains fixed with the tool body while the
chuck body 1054 with the light pipes 1056 rotates relative
thereto. While the chuck body 1054 has been described as
having distinct light pipes 1056 that are located within bores
1060, it will be appreciated that the light pipes 1056 and the
bores 1060 can be the same feature. In other words, the bores
1060 can act as light pipes or a distinct component may be
inserted within the bores 1060 to act as a light pipe.

In some examples, as illustrated in FIGS. 81 and 82, the
light pipe 1056 can have a conical bore surface 1074 provided
in the chuck body 1054 adjacent to the light ring 1066. Opera-
tion of the lighting configuration 1050 in the drill chuck 1052
according to one example of the present teachings will be
described with reference to FIGS. 83-86. As identified above,
the light ring 1066 with the LEDs 1070 remains fixed to the
body of the power tool while the chuck body 1054 having the
light pipes 1056 rotates. The exemplary configuration
includes LEDs 1070 located at the 0 degree (1070a), 90
degree (10705), 180 degree (1070¢), and 270 degree (10704)
locations around the light ring 1066. The light pipes 1056 are
generally located at three equally spaced increments (10564,
10565, and 1056¢) around the chuck body 1054. As a result,
one of the rotating light pipes 1056 will align with one of the
stationary LEDs 1070 every thirty degrees of chuck rotation.
For example, as shown in FIG. 83, at zero degrees of chuck
rotation, an LED 1070« illuminates through one of the light
pipes 1056a at the twelve o’clock position. With reference to
FIG. 84, with thirty degrees of chuck rotation, another light
pipe 1056¢ will align with one of the LEDs 10704 to com-
municate light therethrough. In the example shown, the LEDd
1070 is aligned with a corresponding light pipe 1056¢ at the
nine o’clock position. As shown in FIG. 85, with another
thirty degrees of rotation of the chuck body 1054, another
pipe ring 10565 will align with a corresponding LED 1070 on
the light ring 1066. In the example shown, the light pipe
10565 aligns with the LED 1070¢ at the six o’clock position.
With another thirty degrees of rotation of the chuck body, as
shown in FIG. 86, a pipe ring 10564 will align with an LED
10705 of the light ring 1066 at the three o’clock position.
Therefore, in the example provided, for every thirty degrees
ofrotation of the chuck body 1054, one of the light pipes 1056
will be aligned with one of the stationary LEDs 1070 on the
light ring 1066. It will be appreciated that many other com-
binations may be provided such as incorporating additional
LEDs 1070 and/or light rings 1056 to produce other combi-
nations of lighting frequencies. It will also be appreciated that
the conical surface 1074 (FIG. 81) can facilitate the passage
of' light illuminated from the LED 1070 during a longer span
of rotational position of the chuck body 1054.

With reference now to FIG. 87, a power tool 1100 con-
structed in accordance to one configuration of the present
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disclosure. The power tool 1100 is generally a battery pow-
ered power tool having a battery pack 1102, a control module
1104, an resistor-capacitor (RC) filter 1106, an oscillator/
driver circuit 1108, a transformer 1110, and an LED illumi-
nation means 1112. In general, the LED illumination means
1112 can include one or more collection of LEDs such as
discussed herein. The LED illumination means 1112 can be
powered exclusively from the battery pack 1102. An illumi-
nation signal 1120 can denote an LED output that can com-
prise a signal that is a square-wave signal with approximately
fifty percent duty cycle and an arbitrary fundamental fre-
quency chosen for convenience. The illumination signal 1120
can be filtered by the RC filter 1106. The RC filter 1106 can
be a single-pole, low-pass filter of sufficient cut-off frequency
such that a steady voltage can be applied to the base of a field
effect transistor (FET) 1124 that is connected between a
positive battery potential (B+) and an input to the oscillator/
driver circuit 1108. In the configuration provided, the FET
1124 can act as a switch that selectively connects B, to the
oscillator/driver circuit 1108. The oscillator/driver circuit
1108 can connect to the primary of the transformer 1110. The
secondary of the transformer 1110 can connect to the LED
illumination means 1112. The configuration disclosed herein
can be particularly advantageous as no drain on the battery
pack 1102 is realized when the trigger (such as trigger 22,
FIG. 1) is not depressed because the illumination signal 1120
disappears and the FET 1124 will shut off. In this regard, the
FET 1124 can offer high impedance to the battery pack 1102
and thereby prevent any drain of charge from the battery pack
1102. In some examples, the control module 1104 can be
configured such that the LED illumination means 1112 can be
illuminated for some period of time after the trigger is
released because the control module 1104 maintains the illu-
mination signal 1120 for that time, and as long as the illumi-
nation signal 1120 persists, the LED illumination means 112
will be energized and thus illuminated.

With reference now to FIGS. 88-91, various methods and
configurations for illuminating LEDs on a power tool such
that not all of them are illuminated simultaneously will be
described. In examples where more than one LED (or other
discrete light source) is used to indicate or illuminate, it
becomes possible to energize them individually. LEDs intrin-
sically have no persistence, fluorescence, or phosphores-
cence. When current flows through an LED at a sufficient
level, they emit light. When insufficient current flows through
them, they do not emit light. With multiple LEDs, their indi-
vidual energizations may overlap. If, they do not overlap,
there can be a time between successive illuminations, referred
to as “dead-time” between the illumination of one LED to
another. White LEDs are specially constructed with a blue
LED overlain by a yellow fluorescent layer. The combination
of the blue light of the LED and the yellow light of the
fluorescence layer appears as white light to the human eye. In
practice, white LEDs extinguish after current stops flowing
within nanoseconds. The configuration shown in FIG. 88
constitutes time multiplexing. Only one LED (LED A, LED
B, LED C) is illuminated at any instant. Each LED can be
driven at three times its steady-state drive. In this regard, three
times the ordinary current is passed through each LED while
itis illuminated. Because the duty cycle of each LED is 33.3%
(only one third of the overall time period is each LED illumi-
nated) the result is that each LED appears to the human eye to
beilluminated steadily with its normal amount of current. The
time period for illumination of the three LEDs in sequence
must be shorter than can be perceived by the human eye for
the averaging to take full effect. Typically, one hundred times
per second is near the limit of human perception. Various
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means, as is known in the art, are available to drive many
LEDs from few control pins of a microcontroller.

As shown in FIG. 89, dead time between each LED illu-
mination is illustrated. As shown in FIG. 90, special effects
may be incorporated by invoking overlap and/or gradual illu-
mination and extinction. In the case of alternating current
(AC) energization, time multiplexing becomes an inherent
feature (see also FIGS. 53-55 and related discussion).

As shown in FIG. 91, LED A and LED B are in series and
illuminated for one-third of the overall period (33.3% duty
cycle). Therefore, they are driven with three times their ordi-
nary steady-state current. LED C is illuminated for two thirds
of the overall period (66.7% duty cycle). It is illuminated at
one and one half times its ordinary steady-state current. The
end result is that the combination appears to be three LEDs
illuminated at their ordinary steady-state brightness. In con-
figurations that incorporate LEDs A, B, and C of FIG. 88 as
red, green, and blue, respectively, then the combination of the
specific current through each LED, and its respective duty
cycle, can be used to produce a broad spectrum of perceived
colors. This perceived color, and the change over time of
perceived color, can be employed to communicate many dif-
ferent parameters important to the power tool user. These
exemplary parameters include, but are not limited to, battery
life, drill depth, tool speed, and operating torque.

In examples where a single LED on a power tool is used to
indicate or illuminate, it becomes possible to do so in a similar
way to the examples above. On a power tool such as disclosed
herein, with a single LED, that LED can be driven with three
times its normal current. In this way, the LED can be driven
with a duty cycle of 33.3%, resulting in an illumination
equivalent to continuous energization at its normal current. In
some examples, varying the duty cycle inversely with the
drive current can result in equivalent illumination. The values
of three times and 33.3% are meant merely as examples and
other values may be used. Illuminating a single LED at its
ordinary current, but with a duty cycle of 50%, has the effect
ofan LED illuminated at one-half'its ordinary level. Thus, the
duty cycle becomes a way of controlling perceived brightness
while current is held constant, just as varying the current
through the LED is a way of controlling perceived brightness
while the duty cycle is held constant.

FIG. 92 illustrates a rotary transformer 1150 that incorpo-
rates the principles of FIG. 91 discussed above. The rotary
transformer 1150 is connected to a DC power source 1152. A
primary winding 1154 may be incorporated on a stationary
portion 1156. A secondary winding 1160 may be incorpo-
rated on a rotating portion 1162. A core 1166 can be disposed
between the primary and secondary windings 1154 and 1160,
respectively. The core 1166 can be an iron core, an air core, a
ferrite core, or a core of any other material magnetic or non-
magnetic. The rotary transformer 1150, while represented as
rotary, may be configured alternatively as a stationary trans-
former. A DC drive of a predetermined duty cycle can be
provided, not necessarily 50%, and with opposing DC mag-
nitudes (not necessarily equal) as discussed above with
respect to FIG. 91.

FIG. 93 illustrates a specific arrangement of LEDs 1180,
1182, and 1184 arranged around a circular chuck 1188. The
LEDs 1180, 1182, and 1184 are disposed equally to achieve a
pleasing symmetry. In other configurations, the LEDs 1180,
1182, and 1184 may be arranged in a non-symmetrical pat-
tern.

FIG. 94 illustrates a drive signal with no net DC compo-
nent. In this regard, there is minimal power dissipated in the
primary winding 1154 when the net DC drive is zero. Any
other value than zero (i.e., a net non-zero DC offset in the
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drive signal), constitutes wasted power in the primary wind-
ing 1154. Small values of net DC offset may also be accept-
able, but large values may be unacceptable.

Turning now to FIGS. 95-98, various configurations for
disposing three LEDs symmetrically around a chuck of an AC
power tool will be described in greater detail. In general,
disposing three LEDs symmetrically around the chuck of an
AC power tool may be challenging because of the bipolar
nature of AC electricity. The following configurations incor-
porate packages of two LEDs unconnected to each other
inside the package. Electrical connections for each LED are
available as leads, or terminations of the surface mount pack-
age. In this regard, one LED in each package is illuminated
during one half-cycle, and the other LED in each package is
illuminated during the other half-cycle. The three LEDs of
each half-cycle may be combined in parallel (FIGS. 95 and
96) or in series (FIG. 97) or two in parallel and one in series
(FIG. 98) according to a given design requirement and deter-
mined by the output characteristics of the secondary winding.
The combination of six discrete LEDs, arranged according to
FIGS. 95-98 achieves the same end.

With reference to FIG. 99 of the drawings, a tool system
constructed in accordance with the teachings of the present
disclosure is generally indicated by reference numeral 1200.
Thetool system 1200 can include a tool 1212 and an inductive
powering unit 1214 having a primary coil 1216 and a second-
ary coil 1218 that is integrated into the tool 1212.

The tool 1212 can comprise any type of tool, such as a
battery-powered rotary power tool 1220 with a chuck assem-
bly 1222. The rotary power tool 1220 can comprise any type
of drill, driver, drill/driver, hammer drill, hammer drill/driver
or screwdriver for example.

The chuck assembly 1222 can comprise a tool chuck 1230,
one or more light emitting diodes (LED’s) 1232, an energy
storage device 1234 and a controller 1236. The tool chuck
1230 can be coupled to an output member 1240 of the rotary
power tool 1220 for rotation therewith. The tool chuck 1230
can be any type of chuck, including akeyed chuck or akeyless
chuck, that is configured to drivingly engage a tool bit 1242,
such as a drill bit. The LED’s 1232 can be mounted on the tool
chuck 1230 for rotation therewith and can be configured to
illuminate an area adjacent to the tool bit 1242. The energy
storage device 1234 can be any device for storing electrical
energy, such as a battery and/or a capacitor. The energy stor-
age device 1234 can be coupled or mounted to the tool chuck
1230 and can be electrically coupled to the LED’s 1232 and
the controller 1236. The controller 1236 can be configured to
selectively operate the LED’s 1232 and can include sensors,
switches and/or timers that can permit electric current to flow
from the energy storage device 1234 to the LED’s 1232 upon
the occurrence of one or more predetermined criteria. The
controller 1236 can also be configured to control charging of
the energy storage device 1234 as will be discussed in more
detail below.

The primary coil 1216 can be integrated into a storage
device 1246 for the tool 1212. The storage device 1246 is
schematically illustrated in the figure, but it will be appreci-
ated from this disclosure that the storage device 1246 could
comprise any suitable storage device, such as a holster, a tool
box, a kit box, or a battery charging device, such as a battery
charger, a radio, or a Knaack box. The primary coil 1216 can
be coupled to any desired source of electrical power, such as
a power mains that provides alternating current (AC) power.
It will be appreciated, however, that the primary coil 1216
could be configured to operate using direct current (DC)
power, or may include a switchable power supply that permits
a user to couple the primary coil 1216 to both AC and DC
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power sources (in which case the primary coil 1216 may
select which of the AC and DC power sources it will receive
power from). The primary coil 1216 can be configured to
generate a magnetic field. The storage device 1246 can define
a cavity 1248 into which the tool 1212 can be received. In
some situations, the cavity 1248 can be configured such that
the tool 1212 is oriented in a predetermined manner so that the
secondary coil 1218 can be oriented to the magnetic field of
the primary coil 1216 in a desired manner.

The secondary coil 1218 can be integrated into the tool
1212 and can be configured to employ the magnetic field of
the primary coil 1216 to generate electrical power that is in
turn used to charge the energy storage device 1234. In the
particular example provided, the secondary coil 1218 is inte-
grated into the tool chuck 1230 and electrically coupled to the
controller 1236 and the energy storage device 1234. Option-
ally, the controller 1236 can be configured to interact with one
or both of the primary and secondary coils 1216 and 1218 to
control the generation of magnetic field and/or the electrical
power produced by the secondary coil 1218 based on the
position or alignment of the secondary coil 1218 relative to
the primary coil 1216. Accordingly, it will be appreciated that
the energy storage device 1234 may be re-charged in a wire-
less manner so that replacement of the energy storage device
1234 may not be needed when the energy storage device 1234
has been discharged to a predetermined level.

With reference to FIG. 100, another tool system con-
structed in accordance with the teachings of the present dis-
closure is generally indicated by reference numeral 1200a.
The tool system 12004 can include one or more tools 12124
and an inductive powering unit 1214a having one or more
primary coils 12164 and one or more secondary coils 1218a,
each of the secondary coils 12184 being integrated into a
corresponding one of the tools 12124. In contrast to the tool
system 1200 of FIG. 99, the tool system 12004 comprises a
plurality ofahand tools, such as a ratchet wrench 12204-1 and
a screwdriver 1220a-2. The ratchet wrench 12204-1 and the
screwdriver 12204-2 each have tool bodies to which the sec-
ondary coil 1218a, a plurality of LED’s 1232a, an energy
storage device 1234 and a controller 12364 are mounted. In
the particular example provided, the inductive powering unit
12144 comprises a plurality of primary coils 1216a (only one
being shown), with each primary coil 1216a being disposed
in a recess or well 1260 in the storage container 12464 (e.g.,
a tool box) that is configured to receive an associated one of
the tools 12124 (and to thereby orient the secondary coil
1218a to the primary coil 1216 in an optimal manner). The
LED’s 1232a canbe configured to illuminate an area adjacent
to the tool 12124 when the tool 12124 is used in its intended
manner. The energy storage device 1234 can be electrically
coupled to the LED’s 12324 and the controller 1236a. The
controller 12364 can be configured to selectively operate the
LED’s 1232 and can include sensors, switches and/or timers
that can permit electric current to flow from the energy stor-
age device 1234 to the LED’s 1232a upon the occurrence of
one or more predetermined criteria, such as removal of the
secondary coil 1218a from the magnetic field of the primary
coil 1216a. The controller 1236 can also be configured to
control charging of the energy storage device 1234 in a man-
ner that is similar to that which was discussed above in more
detail.

While the tool system 1200q has been described as having
tools 1212a with LED’s 12324 that are configured for, illu-
minating an area adjacent to the tool 1212¢ when the tool
12124 is used in its intended manner, it will be appreciated
that the energy storage device 1234 could be employed to
power other devices in lieu of or addition to the LED’s 1232a.
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For example, an electronic torque sensor (not shown) could
be incorporated into the tool 1212a and can be employed to
generate an electronic signal indicative of a magnitude of a
torque that is output from the tool 1212a. The electronic
signal could be employed to generate an alarm or signal that
can be communicated aurally or visually to an operator of the
tool 1212a. For example, the alarm or signal could comprise
sound generated by a speaker (not shown) and/or light gen-
erated by a display (that may display an actual value, a single
light indicative that a minimum torque has been met, or a
series of lights that display in a relative manner the magnitude
of the torque that has been applied by the tool 12124). It will
be appreciated that the alarm or signaling devices (e.g.,
speaker, lights) could be powered by the energy storage
device 1234.

With reference to FIG. 101, another tool system con-
structed in accordance with the teachings of the present dis-
closure is generally indicated by reference numeral 12005.
Thetool system 12005 can be similar to the tool system 12004
of FIG. 100, except that the primary coils 12165 are mounted
to the back side of a pegboard 1270 from which the tools
12124 may be hung. It will be appreciated that each of the
tools 1212a can be packaged as a kit with an appropriately
sized and shaped one of the primary coils 12165. The primary
coils 12165 can be provided with a coupling means for cou-
pling the primary coil 12165 to the back side of the pegboard
1270. The coupling means could comprise an adhesive film,
or may include fasteners (not shown) that can extend through
(otherwise unused) holes in the pegboard 1270.

Additionally, one or more of the primary coils 12165 can
be configured to cooperate with a secondary coil (not shown)
in a battery pack (not shown) so that the battery pack may be
recharged in a wireless manner. It will be appreciated that the
battery pack may be of the type that is removably coupled to
a power tool, or may of the type that is substantially perma-
nently mounted within a power tool. A primary coil 12165
that is configured to re-charge a battery for a power tool can be
packaged as a kit with a cradle 1272 that is configured to hold
the battery pack or power tool when the battery pack is to be
recharged via the magnetic field produced by the primary coil
12165.

With reference to FIGS. 102 and 103, another tool system
constructed in accordance with the teachings of the present
disclosure is generally indicated by reference numeral 1200c.
The tool system 1200¢ can include a tool 1212¢ and an induc-
tive powering unit 1214¢ having a primary coil 1216¢ and a
secondary coil 1218c¢. In the particular example provided, the
tool 1212¢ is a drywall screwdriver having a depth nose 1280
that is adjustably coupled to an adjusting collar 1282, but it
will be appreciated that other types of tools, including tools
with an output other than a rotating output, could be utilized
in the tool system 1200c. The tool 1212¢ can include one or
more light emitting diodes (LED’s) 1232¢ that can be
mounted in a manner that illuminates an area adjacent to the
tool 1212¢ when the tool 1212¢ is used in its intended manner.
In the particular example provided, the LED’s 1232¢ are
mounted to the depth nose 1280 and are electrically coupled
to the secondary coil 1218¢, which is also mounted to the
depth nose 1280.

The primary coil 1216¢ can be integrated into a portion of
the tool 1212¢ that is “stationary” relative to the depth nose
1280, such as a portion of a housing 1286 of the tool 1212¢
adjacent the adjusting collar 1282. The primary coil 1216¢
can be electrically coupled to the source of power that powers
a motor (not shown) that operates the tool 1212¢. In the
particular example provided, the primary coil 1216¢ is elec-
trically coupled to a battery pack (not shown) that powers the
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tool 1212¢. A controller (not shown) is configured to control
the supply of electrical power to the primary coil 1216¢ such
that the primary coil 1216¢ generates a magnetic field after
the occurrence of a predetermined set of conditions. For
example, the tool 1212¢ can have a trigger (not shown) and
the controller can be configured to cause electrical power to
be transmitted to the primary coil 1216c¢ for a predetermined
time interval after the trigger has been depressed or after a
motor controlled by the trigger has rotated by a predeter-
mined amount. When powered, the primary coil 1216¢ can
generate a magnetic field that can be utilized by the secondary
coil 1218¢ to generate electrical power that is employed to
directly power the LED’s 1232¢.

If desired, the primary coil 1216¢ and/or the secondary coil
1218¢ may be housed in a metallic coil housing (not shown)
to enhance magnetic coupling of the primary and secondary
coils 1216¢ and 1218¢. Additionally, a bit holder 1290, which
is configured to hold a tool bit 1242¢ for driving screws,
and/or the output shaft 1240c¢ of the tool 1212¢ can be utilized
as part of the flux path of the magnetic field.

The example of FIGS. 104 and 105 is generally similar to
that of FIGS. 102 and 103, except that the LED’s 1232¢ are
directly mounted to the secondary coil 1218¢' and light pipes
1300 are received into the depth nose 1280'. Construction in
this manner permits the secondary coil 1218¢' to be wound
abouta bobbin 1302 that includes a printed circuit board 1304
to which the LED’s 1232 are surface mounted. The light pipes
1300 can be received into apertures 1310 formed in the depth
nose 1280' and the secondary coil 1218¢' can be press-fit to
the depth nose 1280'. Alternatively, the light pipes 1300,
LED’s 1232¢' and secondary coil 1218¢' can be inserted
molded into the depth nose 1280'.

FIGS. 106 through 108 illustrate still another tool system
12004 constructed in accordance with the teachings of the
present disclosure. In this example the secondary coil 12184
and the LED’s 12324 are mounted to the adjusting collar
12824 and the adjusting collar 12824 is removably coupled to
the housing 12864 of the tool 1212d. The primary coil 12164
can be received into a protruding portion of the housing
12864 of the tool 12124. When the adjusting collar 12824 is
mounted to the protruding portion of the housing 12864, the
secondary coil 12184 can be maintained in a single, prede-
termined orientation relative to the primary coil 12164
despite the manner in which the depth nose 12804 is posi-
tioned relative to the adjusting collar 1282d. Any desired
means can be employed retain the adjusting collar 12824 to
the protruding portion of the housing 12864, including
threads, fasteners, quick-connects and detents.

The secondary coil 12184 and the LED’s 12324 may be
pressed into or otherwise mechanically fixed to the adjusting
collar 12824, including insert molded to the adjusting collar
12824, in manners similar to those which are described above
for the mechanical coupling of the secondary coil and LED’s
to the depth nose. It will be appreciated, too, that one or more
light pipes (not shown) could be employed to transmit light
from the LED’s to a point exterior to the adjusting collar.

Those of skill in the art will appreciate from this disclosure
that it may be desirable in some instances to incorporate a
switching means into the controller 1236 to control the dis-
tribution of electrical power from the electrical storage
device—to the LED’s 1232. In some embodiments, the con-
troller 1236 could include a manually-actuated switch (not
shown) that could be accessed by the user to selectively
operate the LED’s 1232. The manually actuated switch could
comprise any type of switch, such as a membrane switch, that
could be operated by the user to generate a command signal
that could be received by the controller 1236 to operate the
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LED’s 1232. The operation of the LED’s 1232 could be
toggled in accordance with the command signal. Alterna-
tively, the command signal could be a momentary signal and
an edge of the signal, such as a leading edge, could be
employed to initiate a timer (not shown) that is employed to
control the timing and/or duration with which the LED’s
1232 are illuminated.

Additionally or alternatively, a sensor (not shown) can be
incorporated into the controller 1236 to sense a parameter that
is indicative of whether the tool 1212 is in operation. If the
timer times out, information from the sensor may be used to
maintain illumination of the LED’s 1232 so that the LED’s
1232 are not extinguished while the tool 1212 is in use. The
sensor could comprise an accelerometer or centrifugal switch
that can be incorporated into an appropriate portion of the tool
1212, such as the tool chuck 1230. If an accelerometer is
employed, the accelerometer may be configured to sense
rotation of the tool chuck 1230 or movement of the tool 1212
in a predetermined manner (e.g., in a jabbing or thrusting
motion).

Additionally or alternatively, the controller 1236 can be
programmed to wait for two (or more) pulses of rotation that
the user achieves by triggering the tool switch. The controller
may be programmed to wait for two pulses of the trigger to
extinguish the LED’s 1232 or wait for a timer to expire or time
out. If the controller 1236 senses rotation and illuminates the
LED’s 1232 during said rotation, and the timer (which may be
an integral timer) is continually or periodically reset during
the rotary operation of the tool, then upon cessation of rota-
tion the timer will maintain illumination of the LED’s 1232
extinguish. In an alternative embodiment, if the controller
1236 is disposed in the stationary body of the power tool
rather than the rotating chuck, and power is transferred to the
chuck by means of a rotary transformer, then the timer, part of
the controller 1236, will be continually or periodically reset
during the rotary operation of the tool under control of the
controller 1236, and the LED or LEDs will remain illumi-
nated. Upon cessation of rotation, again under the control of
the controller 1236, the LED or LEDs remain illuminated
until the timer times out, at which point the controller 1236
will cease illumination by terminating power transfer through
the rotary transformer. It is obvious that the controller 1236 in
this example may be integral with, or separate from, the
trigger switch of the power tool. It will be appreciated by
those skilled in the art that power tools without rotating acces-
sories also benefit from LEDs powered through a traditional
transformer rather than a rotary transformer.

Additionally or alternatively, the controller 1236 and the
sensor can be configured to sense a predetermined or pro-
grammed sound that is associated with a need for illumination
of'the LED’s 1232. The sensor could comprise a microphone
and the controller 1236 could employ a technique, such as
voice recognition or recognition of a predetermined sound,
such as a clap or the operation of the motor of the power tool,
to cause electrical power to be transmitted to the LED’s 1232.

It will be appreciated that the techniques described herein
have application to other types of tools besides rotary power
tools. Non-limiting examples of other types of tools include:
tools with one or more LED’s integrated into the tool housing;
other power tools having an output member that does not
rotate, such as reciprocating saws; hand tools with LED’s
and/or sensors incorporated into the tool body; and flash
lights.

With reference to FIGS. 109 and 110, exemplary drive
circuits are illustrated for providing electrical power to the
primary coils of an inductive powering unit, such as the
inductive powering unit 1214¢ of FIGS. 102 and 103. The
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drive circuits configured to receive electrical power from a
power source, such as battery pack having a voltage of about
11 VDC to about 25 VDC, and to output power from a tran-
sistor to the primary coil 1216¢.

With specific reference to FIG. 109, the drive circuit 1350
can comprise a first logic inverter 1352, a second logic
inverter 1354, a capacitor 1356, a PNP transistor 1358, a first
zener diode 1360, and a second zener diode 1362.

The first logic inverter 1352 can be a NOT gate and can
have an input 1370, which is electrically coupled through a
first resistor 1371 to the output of the capacitor 1356, a posi-
tive supply 1374, which is electrically coupled to positive
voltage from a positive terminal 1376 of a battery 1378, and
an output 1380 that is coupled to the input 1382 of the second
logic inverter 1354, as well as through a second resistor 1384
to the output of the capacitor 1356. The second logic inverter
1354 can be a NOT gate and can have an output 1390 that can
be coupled to an input of the capacitor 1356, as well as
through a third resistor 1394 to the base b of the PNP transis-
tor 1358. The second logic inverter 1354 can have a positive
supply 1396 that can be coupled to the positive terminal 1376
of the battery 1378. A fourth resistor 1398 can couple the
positive terminal 1376 of the battery 1378 to the output of the
third resistor 1394 and to a base b of the PNP transistor 1358.

The PNP transistor 1358 can also have an emitter e, which
is coupled to the positive terminal 1376 of the battery 1378,
and a collector ¢, which is coupled to an input of the primary
coil 1216¢. The output of the primary coil 1216c¢ can be
coupled to a negative terminal 1400 of the battery 1378. The
first zener diode 1360 can be disposed across the emitter e and
the collector ¢ to permit the flow of current from the collector
c to the emitter e but to inhibit the flow of current from the
emitter e to the collector ¢ unless the voltage of the current is
above a predetermined breakdown voltage, such as 75 volts
DC. The second zener diode 1362 can have a cathode that can
be coupled to the positive terminal 1376 of the battery 1378
and an anode that can be coupled through a fifth resistor 1410
to the negative terminal of the battery 1378. The second zener
diode 1362 becomes the ground, or common, voltage for both
NOT gates 1352 and 1354.

From the foregoing, it will be appreciated that the first and
second logic inverters 1352 and 1354, the capacitor 1356 and
the first, second, third and fourth resistors 1371, 1384, 1394
and 1398 cooperate to control oscillation of operation of the
PNP transistor 1358 to generate an alternating current input to
the primary coil 1216c¢. It will also be appreciated that the first
zener diode 1360 can protect the PNP transistor 1358 from
excess voltage and that the second zener diode 1362 and fifth
resistor 1410 can provide a stable power supply voltage for
the operation of the NOT gates 1352 and 1354.

FIG. 110 depicts another drive circuit 1350' that employs
NAND logic gates in lieu of the NOT logic gates employed in
the drive circuit 1350 (FIG. 11), but the controlled oscillation
of the operation of the PNP transistor 1358 is similar to that
which is provided in the drive circuit 1350 of FIG. 109.
Additionally, unused portions of U1, namely WA and U1B,
have inputs terminated at ground potential but outputs that are
left unconnected.

Referring to FIG. 111, an electric grinding tool, e.g., a die
grinder 1500, generally includes a motor housing 1510 that
includes a plastic housing portion 1512 and a metal housing
portion 1514, and a handgrip or handle 1520 coupled to a
front of the motor housing 1510. The motor housing 1510
contains a motor 1516 coupled to an output shaft 1518 that
extends through the motor housing 1510 and handgrip 1520
to a tool holder 1522 in the form of a collet, which is config-
ured to hold a shaft 1532 of grinding accessory 1534 such as
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a burr. Disposed on the output shaft 1518 is a fan 1524 that
cools the motor 1516 as it rotates. The motor housing includes
a front vent 1526 and a rear vent 1528 to assist the fan 1524 in
cooling the motor. The illustrated grinding tool 1500 is pow-
ered by an AC power cord 1530, although it may also be
powered by a DC battery or by other means (e.g., by a pneu-
matic motor). Coupled to the motor housing 1510 is also a
power switch 1536. A light unit 1540 is coupled to and at least
partially recessed inside a front end 1538 of the handgrip
1520.

Referring to FIGS. 112 and 113, in one embodiment, the
light unit 1540 includes a ring-shaped printed circuit board
1542 to which are mounted a plurality of LEDs 1544 (e.g.,
surface mount LEDs). The printed circuit board 1542 is
received in a support ring 1548 that in turn is received in a
recess or internal groove 1545 of the handle 1520. Received
over the light unit 1540 is a cover assembly 1550 that includes
a cover ring 1552 with a plurality of openings 1554 for the
LEDs 1544. Received inside of the cover ring 1552 and over
the LEDs 1544 may be one or more clear covers or lenses (not
shown). The printed circuit board 1542, support ring 1548,
handle 1520, lenses, and cover ring 1552 may be connected to
one another in any known manner such as by a snap-fit con-
nection, using threaded connectors, a bayonet connection, or
by heat staking the components together.

Referring to FIG. 114, in another embodiment, a light unit
1640 includes a rind-shaped printed circuit board 1642 to
which are mounted a plurality of LEDs 1644 (e.g., surface
mount LEDs). The printed circuit board 1642 is received in a
recess or internal groove 1645 of the handle 1520. Received
over the light unit 1640 is a cover assembly 1650 that includes
aring shaped clear cover or lens 1652 that is also received and
recessed in the handle 1520. The printed circuit board 1642
and clear cover 1652 may be connected to one another and to
the handle 1520 in any known manner such as by a snap-fit
connection, using threaded connectors, a bayonet connection,
or by heat staking the components together.

Referring to FIG. 122, in another embodiment, the light
unit can include an annular ring 1690 of a continuous light-
emitting material, such as an organic light emitting diode
(OLED), a light emitting electrochemical cell (LEC), or a
plurality of quantum dot. LEDs.

In one embodiment, the printed circuit board 1542 or 1642
is connected by wires (which are shown outside of the handle
1520 and housing 1510 for convenience in FIG. 114, but
which will be received inside of the handle 1520 and housing
1510 as shown in FIG. 4) to a control circuit 1560. In one
implementation, the wires may be routed via a guide as shown
in the aforementioned Commonly Owned Applications and
Patents. The control circuit 1560 connects the LEDs to the
power source, converts the AC current to a DC signal, and
controls illumination of the LEDs. The control circuit 1560
may have one or more of a plurality of configurations.

Referring to FIG. 115, in one embodiment, the control
circuit 1560 connects the AC power source to the LEDs 1544
(or 1644). The control circuit 1560 includes a plurality of
dropping resistors R1-R14 connected to either pole of the AC
power source, and on either side of a full-wave bridge rectifier
1566 that includes four diodes D1-D4. The LEDs 1544 are
connected across the full wave bridge rectifier 1566. The
dropping resistors are configured to drop the voltage of the
AC power source to a voltage that is suitable for use with the
LEDs, and the full-wave-bridge rectifier is configured to rec-
tify the AC line voltage into a substantially DC signal. It
should be understood that the number and values of the resis-
tors R1-R14 and diodes D1-D4 as shown in FIG. 115 are only
one example, and that the circuit can be configured with a
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different number of resistors and/or with resistors and/or
diodes having different values.

Referring to FIG. 116, in another embodiment, the control
circuit 1660 connects the AC power source to the LEDs 1544
(or 1644). The control circuit 1660 includes a capacitor C1
and resistor R1 connected between one AC input and a full
wave bridge rectifier circuit that includes diodes D1-D4.
There is also an EMI capacitor C4 connected between the
poles of the AC input. The output of the full wave bridge
rectifier is connected to the LEDs via a resistor R2, a capacitor
C3, and Zener diode D5. The capacitor C1 and the resistor R1
work together to reduce the voltage level of the AC power
source The full-wave-bridge rectifier diodes D1-D4 are con-
figured to rectify the AC line voltage into a substantially DC
signal. The EMI capacitor C4 attenuates noise in the line. The
resistor R2 and capacitor C3 work together to smooth out the
voltage output of the full wave-bridge, while the Zener diode
D5 acts as a voltage clamp to prevent damage to the LEDs
upon spikes in the voltage signal. It should be understood that
the number and values of the resistors, capacitors, and diodes
shown in FIG. 6 are only one example, and that the circuit can
be configured with a different number of resistors and capaci-
tors and/or with resistors, capacitors, and/or diodes having
different values.

Referring to FIGS. 117-119, in another embodiment, a
control circuit or power supply 1700 that connects the AC
power source 1702 to the LEDs 1544 (or 1644) is a universal
power supply that works with any voltage level AC signal,
including 120V and 220V. This enables the tool to work in
both the United States and Europe. Referring to FIG. 117, the
universal power supply 1700 includes an integrated circuit
1710 that that allows AC power to flow to the LEDs only when
the sinusoidal AC voltage is near to a zero crossing, thus
avoiding the need for large resistors and capacitors to drop the
voltage level. The power supply 1700 further includes exter-
nal electronic components 1720 that facilitate operation of
the integrated circuit, and external electronic components
1730 that facilitate transmitting current from the near zero-
crossing switch to the LED:s.

Referring to FIG. 118, in one implementation the external
components 1720 include a diode D1, a resistor R1, a capaci-
tor C1, a resistor R2, and capacitor C2 that connect the AC hot
line to a power line of a microcontroller 1740, to power the
microcontroller 1740 with a low level DC voltage. The exter-
nal components 1720 also include resistors R3 and R4, and a
capacitor C3 that reduce the voltage of the AC signal and that
are input into a zero-crossing detector of the microcontroller
1740. The integrated circuitry 1710 includes the microcon-
troller 1740. The output of the microcontroller is connected to
resistor R5, a voltage divider resistor R6, and to the base of'a
PNP NPN bipolar transistor T. The NPN transistor T is in turn
connected to the gate of a triac (SCR) via a resistor R8 and a
capacitor C4. The triac or SCR is also connects the AC hot to
the external components 1730. The external components
1730 include a diode D2 to prevent reverse current flow, and
a capacitor C5 and resistor R9 to smooth out the voltage and
current passed to the light unit. The output of the external
components 1730 is connected to the light unit, which in this
case includes two LEDs wired in series with like polarity. In
addition, the microcontroller 1740 includes inputs VR1 and
VR2 that are connected across resistor R9 to measure the
voltage drop, and to determine whether the triac (SCR) is
being fired at the desired time.

Referring also to FIG. 119, in operation, the zero-cross
detector detects when the AC hot signal has crossed the zero
line into a positive signal (point A), and starts a timer within
microcontroller 1740. The timer, knowing the frequency of
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the earlier AC signal, counts until the timer reaches point B,
which corresponds to the time when the voltage of the AC
signal is some value (e.g., approximately 10 V) above the next
zero crossing. At this point, the timer interrupts the micro-
controller which causes the triac (SCR) to fire, enabling cur-
rent to flow to the capacitor C5. The voltage potential on C5
rises as it accumulates charge from the flowing current. The
triac remains in a conductive state until the negative-going AC
current zero-cross which occurs slightly later than the nega-
tive-going AC voltage zero-cross (point C), at which point the
triac ceases conduction and current cannot flow through the
triac to the capacitor C5. The cycle starts again at the next zero
crossing (point D). Thus, the voltage of the signal that is
allowed to flow through the triac to the capacitor C5 is always
positive. VR1 and VR 2 continuously monitor the discharge of
capacitor C5 by means of the voltage drop across resistor R9,
which is to say the current through resistor R9 and also the
current through the light unit. The microcontroller 1740
monitors average current through the light unit by means of
the analog voltage drop across resistor R9, and may adjust
that average current by adjusting the timing of triac firing. If
that monitored average value is too low, then the firing point
of the triac is move to a slightly earlier time allowing more
current to flow. If that monitored average value is too high,
then the firing point of the triac is moved to a slightly later
time, allowing less current to flow. In this fashion the micro-
controller 1740 adapts to different or varying AC input volt-
ages while maintaining constant average current through the
light unit.

Referring to FIG. 120, in another embodiment, an AC
power source 1700 is connected wirelessly to LEDs 1702,
1704 by a transformer 1706, e.g., a step down transformer, to
avoid an obstacle 1708 in the housing that does not easily
permit a wired connection. The transformer 1706 includes a
primary winding 1710 on the AC power source side of the
obstacle 1708, and a secondary winding 1712 one the LED
side of the obstacle 1708. The LEDs 1702 and 1704 may be
wired in parallel with reversed polarity so as to reduce the
need for a separate rectifying circuit. The transformer 1706
serves to transmit current wirelessly across the obstacle 1708,
and to reduce the voltage level to a level that is appropriate for
powering the LEDs.

Referring to FIG. 121, in one particular design, the
embodiment of FIG. 120 can be implemented in the die
grinder 1500 of FIG. 111. As described above, the cooling fan
1524 of the die grinder 1500 that makes it difficult to connect
wires from the power source to the LEDs. The AC power
source is connected via wires in the motor housing 1510 to the
primary winding 1710 of the transformer 1706 on the AC
power source side of the fan 1524. The secondary winding
1712 is on the LED side of the fan 1524 and is connected via
wires to the LED printed circuit board 1542. The transformer
1706 wirelessly transmits current from one side of the fan to
the other, while at the same time dropping the voltage level. It
should be understood that the wires in the handgrip 1520 may
also be connected to the circuit board 1542 via a rectifying
circuit to smooth the AC signal into a DC signal, and/or by
further dropping resistors or capacitors. It should also be
understood that in the case of a DC powered tool, it may be
necessary to include a DC to AC converter circuit on the
primary winding side of the transformer.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not
intended to be exhaustive or to limit the disclosure. Individual
elements or features of a particular embodiment are generally
not limited to that particular embodiment, but, where appli-
cable, are interchangeable and can be used in a selected
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embodiment, even if not specifically shown or described. The
same may also be varied in many ways. Such variations are
not to be regarded as a departure from the disclosure, and all
such modifications are intended to be included within the
scope of the disclosure.

Referring to FIGS. 123-125, where like numerals refer to
like parts, it may be preferable to use the power tool 10 with
accessories that do not block the light emitted by light system
330. In particular, power tool 10 may be provided with hole
saw 335.

Hole saw 335 may include a cup-shaped cutting member
335C, that preferably includes a base 335CB with a unitary
cylindrical skirt 335CS. A plurality of teeth 335T are formed
in the cup-shaped cutting member 335C at the distal end of
the skirt 335CS. The skirt 335CS defines the diameter of the
hole which is to be bored into the workpiece.

The base 335CB may have a threaded central opening
33500, a plurality of apertures 335AP preferably spaced radi-
ally outward from the central opening 33500 by a first dis-
tance D1, and a plurality of illumination openings 335CLA
spaced radially outward by a greater distance D2,

The hole saw 335 may be used with an arbor that couples
the hole saw 335 to an end effector (such as chuck 334) of'the
power tool 10. In one embodiment, as shown in FIG. 123, an
arbor 335A may include a hex-shaped shank 335AS that
secures into, for example, chuck 334 of power tool or drill 10.
The arbor 335A also includes an externally threaded central
portion 335AN which is received into the threaded hole
33500 in the base 335CB of the cup-shaped cutting member
335C. The arbor 335A may further include a pilot drill bit
portion 335D extending forwardly of the threaded portion
335AN. Finally, the arbor 35A may include a removable nut
335N for securing the hole saw 335 on the threaded portion
335AN of'the arbor 335A. Also the arbor 335A may include
positioning members 335AP which extend through apertures
335CA in the base 335CB to maintain the cup-shaped cutting
member 335C from rotating with respect to the arbor 335A.

In another embodiment, as shown in FIG. 125, an arbor
335A is used to couple the hole saw 335 to the power tool 10.
Arbor 335A may include a hex-shaped shank 335AS adapted
to be received in a chuck 334, a central threaded potion
335AN adapted to be received by the threaded opening
335CO, and a pilot drill bit portion 335D. Coupled to the
threaded portion 335AN is a quick release mechanism 335Q
having a disc 335QD with a plurality of projections 335QP
facing the hole saw 335QP are preferably adapted to be
received in the apertures 335AP of the hole saw 335 to help
alight the hole saw 335 with the arbor 335A. The disc 335QD
may be retractable and spring-biased forward.

In other embodiments (not shown), an arbor can include a
shank and/or a drill bit that is integral with the hole saw 335.

Referring to FIGS. 124 A and 124B, the illumination open-
ings 335CLA allow light emitted by lights 332 to go through
hole saw 335 and illuminate the workpiece. The illumination
openings 335CLA are preferably positioned radially outward
of'the apertures 335CA in the base 335CB and of the remov-
able nut 335N (or disc 335QD) of arbor 335A. Openings
335CLA are substantially aligned with lights 332. In one
embodiment, as shown in FIG. 124A, the openings 335CLA
are generally circular and aligned with lights 332. In another
embodiment, openings 335CLA' are preferably arc-shaped
and aligned with lights 332. Lenses 335CLL may be provided
in openings 335CLA to focus and/or disperse the emitted
light as desired.

Persons skilled in the art will recognize that the hole saw
335 will work with power tools that do not have lights 332 on
chuck 334, and instead have the lights on other parts of power
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tool 10. For example, referring to FIG. 126, a power tool 10
built according to the teachings of U.S. Pat. No. 8,317,350,
which is fully incorporated herein by reference, has an end
effector 20 for holding the hole saw 335.

A light ring 31 is preferably located within a recess of the
clutch collar 30. The light ring 38 may include a cover
31C. The cover 31C may protect interior components of
the power tool 10 from moisture or other contaminants.
The cover 31C may include blisters 31B located on the
cover 31C as to be directly over the LEDs disposed
thereunder. The blisters 31B may be translucent or clear
in order to permit light generated by the LEDs to pass
through. In some embodiments the blisters 31B may
direct or focus the light. The blisters 31B may be round,
rectangular, square or any other shape. In other embodi-
ments the light may simply pass through the blisters
31B. The remainder ofthe cover 31C may be translucent
or have a opaque or translucent dark color. Persons
skilled in the art shall recognize that, with such arrange-
ment, it is preferable to substantially align the illumina-
tion openings 335CLA, 335CL A" with blisters 31B.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who
are skilled in the art. Numerous specific details are set forth
such as examples of specific components, devices, and meth-
ods, to provide a thorough understanding of embodiments of
the present disclosure. It will be apparent to those skilled in
the art that specific details need not be employed, that
example embodiments may be embodied in many different
forms and that neither should be construed to limit the scope
of the disclosure. In some example embodiments, well-
known processes, well-known device structures, and well-
known technologies are not described in detail.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” may be intended to include the plural forms as well,
unless the context clearly indicates otherwise. The terms
“comprises,” “comprising,” “including,” and “having,” are
inclusive and therefore specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof. The method steps, pro-
cesses, and operations described herein are not to be con-
strued as necessarily requiring their performance in the par-
ticular order discussed or illustrated, unless specifically
identified as an order of performance. It is also to be under-
stood that additional or alternative steps may be employed.

When an element or layer is referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another ele-
ment or layer, it may be directly on, engaged, connected or
coupled to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly engaged to,”
“directly connected to,” or “directly coupled to” another ele-
ment or layer, there may be no intervening elements or layers
present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.). As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
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These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence or
order unless clearly indicated by the context. Thus, a first
element, component, region, layer or section discussed below
could be termed a second element, component, region, layer
or section without departing from the teachings of the
example embodiments.

Spatially relative terms, such as “inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. Spatially relative terms
may be intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

What is claimed is:

1. A power tool system comprising:

a tool body including a motor having an output member
that drives an accessory, the output member defining an
output member axis;

an end effector coupled for rotation with the output mem-
ber relative to the tool body, the end effector configured
to retain the accessory;

a light source disposed on the end effector; and

aconsumable tool removably attachable to the end effector,
the consumable tool having an illumination opening
disposed at a radial distance from the output member
axis and configured to be substantially aligned with the
light source.

2. The power tool system of claim 1, wherein a lens is
disposed within the illumination opening of the consumable
tool.

3. The power tool system of claim 1, wherein the consum-
able tool comprises a hole saw.

4. The power tool system of claim 1 wherein the light
source comprises at least one light emitting diode (LED).

5. The power tool system of claim 1 wherein the end
effector comprises a chuck.

6. The power tool system of claim 1, further comprising:

aprimary coil assembly configured on the tool, the primary
coil assembly including a primary coil that is electrically
connected to a power source of the power tool;

a secondary coil assembly configured on the end effector
and mounted concentric to the output member axis, the
secondary coil assembly including a secondary coil that
is electrically connected to the light source; and

wherein current flowing through the primary coil creates a
magnetic field that causes current to flow through the
secondary coil and power the light source.

7. The power tool system of claim 6 wherein the primary

coil assembly comprises:

a primary coil bobbin, wherein the primary coil is wound
around the primary coil bobbin; and

a primary coil housing that receives the primary coil bob-
bin.
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8. The power tool system of claim 6 wherein the light
source is formed as part of a light ring assembly comprising:

a printed circuit board; and

a plurality of LEDs arranged on the printed circuit board,

wherein the printed circuit board electrically connects
the secondary coil assembly to each of the plurality of
LEDs.

9. The power tool system of claim 8, further comprising:

a protective cover mounted around the light ring assembly

configured to protect the plurality of LEDs.

10. The power tool system of claim 6 wherein the end
effector comprises a clamp washer assembly and wherein the
clamp washer assembly comprises:

an inner clamp washer; and

an outer clamp washer;

wherein the primary coil assembly is incorporated on the

tool body and the secondary coil assembly is disposed
on one of the inner or outer clamp washer.

11. The power tool system of claim 10 wherein the inner
clamp washer includes one of electrical tracks or electrical
conductors and the outer clamp washer includes the other of
the electrical tracks or electrical conductors, wherein the con-
ductors and tracks electrically connect upon assembly of the
inner and outer clamp washers.

12. The power tool system of claim 8, further comprising a
modulation circuit electrically connected with the secondary
coil assembly and the LEDs, the modulation circuit config-
ured to flash at least one of the LEDs and control the intensity
of the LEDs over time and wherein the modulation circuit is
configured to flash the LEDs at a rate to create a stroboscopic
effect on the driven accessory.

13. The power tool system of claim 8, further comprising a
multiple-way rectifier having at least four diodes, and
wherein at least one LED of the plurality of LEDs are elec-
trically bridge connected to the multiple-way rectifier.
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14. The power tool system of claim 1 further comprises a
battery that provides direct current (DC) to the power tool, the
power tool further comprising a DC to alternating current
(AC) converter.

15. The power tool system of claim 1 wherein the power
tool is connectable to an AC power source.

16. A holesaw for use with a power tool having an end
effector with a light source mounted on the end effector, the
holesaw comprising:

a generally circular base wall;

a generally cylindrical side wall extending forward from

the base wall;

a central opening in the base wall configured to receive an

arbor;

an aperture defined in the base wall, and spaced radially

outward from the central opening by a first distance, the
aperture configured to receive a projection on an arbor
that can couple the holesaw with the end effector;

an illumination opening defined in the base wall, and

spaced radially outward from the central opening by a
second distance that is greater than the first distance, the
illumination opening configured to transmit light from
the light source to a workpiece.

17. The holesaw of claim 16, wherein the illumination
opening includes a lens.

18. The holesaw of claim 16, wherein the illumination
opening is circular.

19. The holesaw of claim 16, wherein the illumination
opening is arc-shaped.

20. The holesaw of claim 16, wherein the illumination
opening comprises a plurality of illumination openings.

21. The holesaw of claim 16, further comprising an arbor
coupled to the base wall, the arbor having a shank portion
extending rearward from the base wall, and a drill bit portion
extending forward from the base wall.
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